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PREFACE. 



The ** PrcBMMiy O iMm iiiM f, ' 

Tolame comiaeBces, fi— friae sene 
tions on the fuuiliMi 111 i fani i MA «f c^caislxy, 
most of vlkkh vaay be iwdwlri m am iftffniff «f tl« 
general laws wUdi gOTSBi,-aBd ^ | 
changes wfakh aceoaqwnjT ^ cfa 
of differrait bodies. Thk introAMliMi I'^'iH'tiiitf^ vitk 
an espUnatioD of Cbemial SjnAob, wad & UUe of 
- Zqniralente. 

The article on Gas nimninariott oonprises not only 
, detailed occoont of the process of maku^ ligfat- 
) from coal, and of the cht'mtcal and pbjsical pn>- 
rties of the conslitnents of coal-gas. Imt sereraJ 
Vimportant collateral snbjects ; among which are some 
f considerations on the modes of buraing gas and on 
I the economy of gas illumination, descriptions of the 
I processes fur making light-gas from other sources 
I than coal, and an account of the applications which 
I the secondary products of the coal-giis manufacture 
I have received. The construction of different kinds 
1 of regulators and meters, and the process of " naph- 
I thalizing" gas, are also considered. 

In the article on the Preservation of Wood, which 
I follows that on Gas Illuraination, means nre pointed 
I out for effectually guarding againsf the nriliniiry di'- 
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The surprising attaimoents of tiie uicients in ccr- H 


tain chemical arts would lead as to infer that piv- H 


cesses may be invented, and even successfully applied, ^M 


without the smallest conception of the principles on ^M 


which they depend. The ancient Egyptians and H 


Phcenicians were not only acquainted with the niotuis H 


of extracting iron, copper, gold, silver, lead, aiid tin H 


I from the ores containing these metals, but with i-oni- H 



plicatfid processes for tlie preparation of several me- 
tallic compouuds. They extracted sixla from the soil 
in which that alkali naturally exists, and under- 
stood the means of purifying it: they procured pot- 
ii*h from the ashes of plants, and made soap by 
combining the alkidies with oils and fats. They 
were acquainted with the mode of converting an 
alkaline carbonate into a caustic alkali by the ac- 
tion of quick-lime, and even took advantage of this 
property of lime to give to soda (carbonate of soda) 
a degree of causticity which deceived the purchasers 
of this article as to its real value. ■. Tlie arts of 
making earthenware, glass (both colourless and co- 
loured), porcelain, and various pigments, and cer- 
tain processes in dyeing, were brought to a state of 
perfection not exceeded, nay, in some instances, 
scarcely equalled, by artists of the present day. 

These and other processes were not only invented 
without the aid of science, that term being accepted 
in its ordinary sense of inductive systematic truth, 
but they were also practised for agea before even an 
attempt was made to discover the causes of the va- 
ried phenomena presented in the different operations. 
The successive improvements fortunately achieved in 
some of the processes were contrived, like each ori- . 
ginal process itself, by chance, and consequently, in 
general, at tlie expense of great labour; the expe- 
rimentalist being guided in his researches for im- 
provements by no fixed principles or general laws. 
Where improvements are to be the result of acci- 
dental observations, they must of necessity be rarely 
made. The Chinese, it is true, practise certain 
chemical arts with surprising success: but tliese 



■ PEELIMIJSARY OBSERVATIONS. 3 

arts arc no further advanced now than they Imve 
been for ages past; not because they have attained 
perfection, but from the want of a recognition of 
the principles on which the processes depend. In 
rieparting from, or even in merely modifying, the 
original process, there is a danger of losing it alto- 
gether. This is the reason, we apprehend, of the 
loss of some of the most refined processes of the 
ancients during the middle ages. 

But since chemistry has existed as a science 
founded on certain biws, and since the properties 
of individual substances have been so minutely stu- 
died that the action of two or more bodies on each 
other in certain circumstances can he partly pre- 
dicated before ascertained by experiment, new pro- 
cesses are devised and others improved by a scien- 
tific deduction from I'ecognized prijiciples, and from 
the known properties of the substances employed in 
the art or manufacture, 

Eefined as were some of the processes of the an- 
cients, there are those practised in the present day 
wliich it is difficult to conceive could have been 
invented by any number of hazard experiments on 
substances presented by nature. They were devised 
and improved by a logical induction from known 
principles or admitted theories. The greater num- 
ber of our calico-printing processes are illustrations 
of our assertion. For instance, we cannot imagine 
that any number of chance experiments would have 
led to the procuring from chrome-iron ore, (a black 
heavy mineral,) by the action, first of an alkali, 
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flammaljility, (which ia parted with in the act of 

combustion,) and some elementary basis, which is, 
Iq fact, the material product of the combustion. 
Tte latter is now known to be the compound body, 
lieing composed of the combustible matter and oxy- 
gen ; the act of combustion is merely the combi- 
nation of oxygen with the combustible. But con- 
sistently with the then prevailing theory of phlo- 
giston, sulphur is a compound body, being composed 
of phlogiston united with (what is now termed) sul- 
pliuric acid; to procure the latter, therefore, it be- 
came necessary to withdraw phlogiston from the 
sulphur. Now nitre was considered to be a sub- 
stance possessed of a dephlogisticating property in 
an eminent degree; and, when a mixture of sulphur 
and nitre was set on fire over water, sulphuric acid 
Has found to be produced. Here the expected 
resnlt was obtained, but the principle which led to 
the experiment was erroneous ; for the nitre, instead 
of withdrawing anything from the sulphur, actually 
imparts oxygen to it : sulphuric acid being produced 
by the combination of the sulphur with a portion of 
file oxygen contained in the nitre. Such is a simple 
expression of the first changes in the process ; after- 
ffirds they become somewhat more complicated. The 
reason why the process was successful, while the 
theory on which it was founded is false, is obvious. 
The terms a dephlogisticating body (on the theory 
of phlogiston), and an owidating body (according 
to cm" present views), are synonymous: as are also 
i dephlogisticated and an ojndated substance. 



It cannot be denied, however, that valuable pro- 
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cesses and improvements have been devised of late 
years independently of chemical hypotheses and prin- 
ciples. The amalgamation process of Hernando Ve- 
lasquez for obtaining sOver from the ore (practised 
in Mexico) must ever be considered a wonderfiil in- 
stance of the discovery, by chance, of a process de- 
pendent in its details on complicated chemical agen- 
cies. The inventor was entirely unacquainted with 
theoretical chemistry, and was led to his process by 
experiment after experiment without connection, and 
guided, it would seem, by no general principles. But 
so refined is the process that its theory has only been 
developed of late years, with the united efforts of Gay- 
Lussac, Humboldt, Karsten, Boussingault, and Sonne- 
schmidt. Instances like this are, however, very rare. 

Although many processes in the chemical arts 
are dependent for their successful practice chietiy 
on a knowledge ot principles, yet, in general, the 
ambition of those engaged in working the process 
is to attain dexterity in the mechanical operations 
without the smallest endeavour to comprehend the 
most obvious principles of their process. Although 
chemistry is making rapid advances, many of the 
arts dependent on the science ai-e stationary, the 
artisan or manuiacrarer being, generally, too ig- 
norant of chemistry to know where to look for im- 
provements. By this neglect of the practical mau, 
scientific chemistry is also much retarded. In a dye- 
house aud a calico- print- work, for instance, how many 
interesting phenomena pass unobserved, or at least 
without being investigated, which, if carefully exa- 
mined by a scientific chemist, might prove the soui'ces 
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of brilliaat discoveries, conducive iiu Icbb U> tlic 

adFancement of theoretical chemistry tliiin of tli« 
I art itself! 



To consider minutely tbe general prlnciiiUtu uf 
chemical philosophy would be inconsistent with Uic 
pkti of the present work. But fur facility of ru- 
fereacc, and for the convenience of those who have 
not especiiilly studied the principles of theoretical 
chemistry, it has been considered proper to commence 
with a few observations on the nature of chemical 
affinity, and on the laws wlucli govern, and the 
phenomena which accompany, the chemical conihi- 
aation of ditfercnt substances. All other inipurtunt 
theoretical considerations affecting the vai'ioux prac- 
tical subjects treated of in this work will be adverteil 
to onder the respective articles. 



CUEMICAL AFFINITY. 



The vast variety of substances by which we anr 
surrounded, animate and inanimate, solid, litfuid, 
and gaseous, are composed of, comparatively, a very 
small number of elements or nimple HvImUincen ; of 
bodies, that is, which contain one kind of matter 
only. According to the present state of our know- 
ledge, the number of elements does not exceed fifty- 
six ; and, as the only evidence we can obtain of 
the elementary character of a substance is of 
negative kind, namely, that we are unable now 
decompose it, or resolve it into other kinds of mat- 
ter, it is not unlikely that some of the .substances 
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now considered as elements may hereafter turn out 
to be compound. But until such is proved to be 
the case, it is proper to consider them as simple 
substances. 

Every substance in nature, then, is either an ele- 
ment, or else it resnita from the combination of two 
or more elements with each other. This union of 

the elements does not take place indiscriminately : 
some of them when brought into contact exhibit 
a remarkable proneness to unite, while others may 
be mixed most intimately without the occurrence 
of combination. Peculiar attachments and indiffer- 
ences certainly subsist between different substances. 
The former may be conveniently distinguished as 
chemical affinity, or chemical attraction. The ex- 
ertion of this force is not confined to simple sub- 
stances merely; compound bodies, as sulphuric acid 
and water, for instance, are equally subject to its 
influence. 

"When the constituents of a compound body are 
thus held together by chemical affinity, the result- 
ing substance is called a chemical compound, to 
distinguish it from a mechanical compound. The 
latter is a mere mixture of different substances, 
which are held together by no chemical affinity, 
but, if the body is a solid or a liquid, merely by 
the force of cohesion or of adhesion. Chemical com- 
pounds are definite combinations of two or more 
elements, united in a particular manner, and always, 
when forming the same compound, in fixed pro- 
portions; the substance formed always wants the 
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phbcniical characters of its constituents, ami in tlic 
act of coDibinntion there is cmnmonly a very ul>- 
vioiis change, even in the most gcnta'al of [iliytttcol 
properties. Mechanical compounds which connititiito 
by far the greater numher of natural HUbstanci^K, 
are on the contrary indefinite mixturcH of cletnetit- 
ary bodies or chemical coinpouuds of the elemeiitH, 
retaining both the form and the projHirticB of tlidr 
constituents. The atmosphere around UB, for ex- 
ample, is a mechanical mixture of two olcnusntary 
gases, oxygen and nitrogen. These same elcmunta 
when chemically united in a certain prop(»rtion j{iv« 
rise to one of the most corrosive of all iicidH, 
namely, nitric acid, or aqua-fortis as it i» popuhirly 
designated. 

Again, the rock granite 18 a mechanical mixture 
of three chemical compounds: 1", t/unrtz, which is a 
chemical combination of two clemctita, uilicon and 
oxygen ; 2°, felspar, which is composed of foiii' ule- 
ments, silicon, oxygen, potassium, and aluiiiinum ; 
and, 3°, mica, composed of six elements, namely, 
sihcon, oxygen, iron, aluminum, magneHium, utul 
])otassium. The three minerals, quartz, feltipar, and 
mica, each a chemical combination, thus constitute 
the rock granite by thdr mechanical a^lniixturc. 



The nature of chemical affinity and the characters 
of chemical compounds may be conveniently consi- 
dered under the four following heads: — I", Che- 
mical affinity is exerted with different degrees of 
force between different substances. 2", The imiou 
takes place in certain fixed and definite proportions. 
3', The resulting compound always differs esseO' 
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tially in chemical, and often in physical properties 
from its constituents; and 4", The union may take 
place indirectly by substitution, or directly. 

1 . Chemical affinity is exerted with different 
degrees of force between different substances. — 
On examining various metallic oxides it is found 
that the oxygen and metal are united together with 
very different degrees of intensity in the different 
oxides. Thus, oxide of silver is easily decomposed 
when heated to redness, oxygen gas being given 
off and metallic silver remaining behind. Oxide of 
copper, on the contrary, is not reduced to the me- 
tallic state at the highest temperature to which we 
can expose it. It is therefore reasonably inferreil 
that oxygen has a more powerful aflBnity for cop- 
per than for silver. Again, oxide of copper is re- 
duced to the state of metallic copper with the great- 
est facility if heated to redness in a glass tube 
through which a stream of hydrogen gas is made 
to pass. But potash, the oxide of potassium, does 
not undergo the smallest decomposition under such 
circumstances. Hence oxygen has a more powerful 
affinity for potassium than for copper. 

The truth of the proposition is clearly exhibited 
in the decomposition of a compound substance by 
another body. On introducing metallic copper into 
a solution of chloride of mercury (corrosive subli- 
mate), the latter is decomposed, metallic mercury 
is precipitated, and a proportional quantity of cop- 
per is dissolved, uniting with chlorine to form chlo- 
ride of copper. But chloride of copper may he de- 
in a similar munuer by metallic tin, and 
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eiJoride of tin by mctnlUc zinc. The rdiitivti iilll- 
nlty of these metals for chlorino miiy thorulurc be 
arranged in the following order, — 
ChhrHie. 

1. Zinc, 3. Copper, 

2. Tin, 4. Mercury : 

a solution of chloride of zinc is not dccomjuxscd l)y 
any of the nietala mentioned, while a soliition ol" 
chloride of mercury is decompuseJ by each. 

A series of tables was contrived by Geoifroy and 
Bergmann, founded on such exjierimenta as these, 
intended to exhibit the order of alTuiity of difTcrcnt 
b(u^es* for an acid, and of different acids for a 
base. The name of an acid or a base in [lut at 
the head of a list, and after it the names of all 
the bases or acids in the order of their affinity. 
For example, the affinity of alkalies and earths for 
sulphuric acid is expressed aa follows : — 

Suiphuric acid, 

1. Barj-tea, 6. IJmi.', 

^^b 2. Strontisi], (t. MagnCHia, 

^H 3. PotMli, 7. AniiiiUMia. 

^V 4. Soda, 

^Darytes, the first in the list, is capable of talcing 
sulphuric acid from the sulphate of cither of the 
bases which follow, while sulphate of barytas in 
uot decomposed by any other base. Potash has it 
stronger affinity for sulphuric acid than t\w bantw 
which follow, but not so strong as that of barytcH. 
The experiments are supposed to be made on aqiieous 
solutions of the several sulphates. 

* By B, base ig miiint an alknli, oc u metallic uxiiiu wliicli lion a lun- 
iencj la unite with uti auiil, anJ tliun funii a talt, Tliu>< [miIiuiIi ih tlic 
base It! nitre, or iiilmle of putauh ; oxide uf lead U the haec tit tugu of 
Icai], or BCcUite of lead. — 
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Such talties, Iiowever, shew the order of decom- 
pOHition, and the relative force of affinity, in one set 
of conditions only; for, when the same two substances 
are brought together under different circumstances, 
very different reactions may ensue. Of this Berg- 
inann himself was aware, and hence gave two lists 
or columns in mmc of his tables of affinity; one 
shewing the order of decomposition when the sub- 
stances are mixed titgether dissolved in water, as 
nlwve, and the other when mixed in the dry state 
and strongly heated. Boracic acid possesses very 
feeble ucid characters when dissolved in water; it 
is hardly able ta destroy the alkaline properties of 
]H)taBli (»r soda; but at a red heat, from its great 
fixedness, it comports itself as a most powerfnl acid. 
If dry nitrate of ammonia and carbonate of lime 
are mixed and exposed to heat, a decomposition 
takes place with production of nitrate of lime and 
carbonate of ammonia; from which circumstance it 
would be inferred that nitric acid has a stronger affi- 
nity for lime than for ammonia, or carbonic acid a 
Btronger affinity for ammonia than for lime. But if 
the conditions in which the nitric acid, carbonic acid, 
lime, and ammonia are brought together are altered, 
very different results take place. On mixing aqueous 
solutions of nitrate of Hme and carbonate of am- 
monia, carbonate of Hme is precipitated, and nitrate 
of ammonia remains in solution. Again, carbonate of 
potash dissolved in water is instantly decomposed on 
the addition of acetic acid, carbonic acid gas being 
evolved and acetate of potash formed. Acetic acid 
manifests in this case a stronger affinity for potash 
than carbonic acid does. But if a stream of car- 
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b«Miic acid gas is passed tlirougli il Holiition of ace- 
tate of potash dissolved in alcohuly the curlHtnio 
acid seems to be the most powerful, fur curhonato 
of potash is formed and acetic anid liberated. The 
result in the latter case seems to depend on tho 
insolubility of carbonate of potaah in alcohol. If 
the composition of two salts is such as to pcirniit 
the formation of an insoluble product by their mu- 
tual decomposition, (as in the case of carbonato of 
ammonia and nitrate of lime,) such a change ih 
sure to take place when solutions of tho saltH are 
mixed. The order of decomposition HcomH to bo 
decided, in such a case, not hy the Bupcrior affinity 
of this or that acid or base, but by the tendency 
to the formation of an insoluble substance, 

These and many other examples, which might !m 
adduced if necessary, shew that though chemical 
affinity is exerted between different bodies with dif- 
ferent degrees of force, yet accessory circumHtaiicuK 
do sometimes materially affect the relative affuiitics 
of different substances. 

2. The chemical union of Kubstances takim 

place in certain fi^ed and definite propttrtitms 

The circumstance, that the proportions in which 
two or more bodies can unite chemically are limit- 
ed on both sides, has been already alluded to aM a 
distinction between a chemical and a mechanical 
compound (page 8), Common salt, for instance, 
by whatever process it may be formed, is invaria- 
bly composed of 60 parts of sodium, and 40 parts of 
chlorine ; and, so far as is known, these elements are 
incapable of uniting in any other proportion. Pure 
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carbonate of lime, whether formed ages ago by the 
hand of nature, or quite recently hy the chemist, 
whether in the form of white marble, chalk, or a 
stalactite, whether in the six-sided prism of arra- 
gonite, or in the rhomboidal crystal of calc spar, 
is always composed of 43*7 parts of carbonic acid 
and 56"3 parts of lime. That the composition of 
chemical combinations is always fixed and invari- 
able, is constantly borne out by analyses; and from 
this definite nature of chemical combination is de- 
rived in a great measure the character of chemis- 
try as an exact science. 

The same element combines with very different 
quantities of different substances. This is shewn in 
the following table of the composition of water, 
sulphuretted hydrogen, hydrocliloric acid, and hy- 
driodic acid, each of which substances contains hy- 
drogen as a common constituent. 

Water. Sulphuretted Hydrogm, 
Hydrogen ll'l Hydrogen fi-9 



Oxygen .. 



Hi/drocktoric Acid, Hydriodic Acid. 

Hydrogen 27 Hydrogen 073 

CLlorinc 97-3 Iodine 99-21 



By such a mode of expressing the composition of 
these bodies no simple relation is perceptible be- 
tween the respective quantities of hydrogen in the 
different compounds. But if a constant number, say 
1, is given to hydrogen, then it will be seen that 
8 parts of oxygen, 16 parts of sulphur, 35*5 parts 
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of chlorine, and 126 parts of iodine combine re- 
spectively with 1 part of hydrogen. Now the num- 
bers mentioned are in some degree characteristic of 
the substances to which they are attached; for, on 
examining the composition of the compounds which 
these elements form with lead, copper, and potas- 
sium, it is found that the ahove numbers of parts 
of oxygen, chlorine, &c. actually combine with the 
same quantity of the metal, although the amounts of 
the different metals in the respective compounds are 
not the same. Thus 



»8 parts of oxjgcn 
I6'5 parts of clilorine 
16 ptiits of Guljilitir 
IS6 parts of iodine 
B 



1 port of hydrogen, 
104 parts of lead, 
32 pu.rts of copper, 
3'J |tarts orpiitasetuin. 



By extending this inquiry to other substances, a 
series of numbers may be obtained which exhibits 
either the exact relative quantities in which bodies 
unite to form chemical combinations, or else multi- 
ples of such quantities, These numbers are called 
covibining proportions or equivalmits. The latter 
term is employed to signify that the combining pro- 
portion of one body has the same value, or is, in 
one sense, equivalent to that of another body, and 
may be substituted for it in combination. The 
same quantity of potassium which unites with 35'5 
parts of chlorine also combines with 126 parts of 
iodine; therefore the numbers 3.5'5 for chlorine, and 
120 for iodine, are as it were equivalent to each 
other, as they liave an equal power in combining 
with, and altering the nature of, 39 parts of po- 
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Hitherto we have considered the equivalent num- 
bers with reference to hydrogen as unity, but this 
is quite arbitrary, and any other series of numbers 
may be used, provided the proper relation between 
them is preserved. Thus it is the practice of some 
chemists to form the series with reference to oxygen 
as 100, and others make oxygen 1. The series of 
numbers in which hydrogen is considered as 1 is 
called the hydrogen scale of equivalents, the others 
are called the oxygen scales. The hydrogen scale 
will be employed in the present work. The follow- 
ing table contains a list of all the elements which 
have been discovered up to the present time, with 
their combining numbers on both the hydrogen and 
oxygen scales. 

TABLE OF CHEMICAL EQUIVALENTS. 



Nirniea of Ele- 


EquiiBlents. 


NBmea of Ele- 


EquivnlenU. 1 


Oijgen 


Hydro- 


Oiygen 


Hydro- 




= 100. 


Ti. 




= 100. 


gen 




171-2 


13-7 


Columbium 


2307-4 


184-9 


Antimony 


1612-9 


laa-o 


Copper 


S95-7 


31-7 


Arsenic 


94.0-1 


75-3 


Didymium 


? 


? 


Barium 


856-9 


68-7 


Fluorine 


233-8 


18-7 


Bismuth 


886-9 


7H 


Gluoinum 


331-3 


26-5 


Boron 


136 -a 


10-9 


Gold 


2486-0 


199-2 


Bromine 


978-3 


78-4 


Hydrogen 


12-5 


10 


Cadmium 


696-8 


55-8 


Iodine 


1579-5 


126-6 


Calcium 


256-0 


20-5 


Iridium 


1233-5 


98-8 


Carbon 


75-0 


6-0 


Iron 


339-2 


27-2 


Cerium 


574-7 


46-05 


Lantanum 


? 


? 


Chlorine 


442-e 


35-5 


Lead 


1294-5 


103-7 


Chromium 


351-8 


28-3 


Lithium 


80-3 


6-4 


Cobalt 


3690 


29-6 


Magneaiuro 


158-3 


12-7 





EquitalfDU. 


N«mBt of Elf- 


E<iuiri>lenl>. | 


.V»«rfB.- 




gen 




Hjdro. 




?s: 




TS 


.«»««■«. 


3459 


87-7 


Silver 


I35I-6 


108-8 


Mmay 


1265-8 


101-4 


Sodiura 


2(10-9 


23-3 


M.l,bd<iium 


598-5 


+8-0 


Strontium 


51 7-3 


4.1-8 


Nickel 


3607 


S9-6 


Sulphur 


201-17 


IC-1 


NHrogeD 


1750 


t4'U 


Tellurimn 


BOI-70 


u-i 


Ouoium 


1214-5 


99 7 


Thorium 


744'9 


fiU-H 


Oijgra 


1000 


a-0 


Tin 


735-29 


58-9 




665 '9 


53-4. 


Titanium 


3(i3-efi 


24-3 


Phcphoru. 


39S-J 


31 -4 


Tungulen 


1183-0 


»*■» 


Platinum 


12J85 


98-8 


Vanadium 


85 (1-9 


68-7 


PoUsaium 


4.89-9 


39-2 


Uranium 


2711-4 


217-3 


Rfaodiuii. 


651-4 


52-2 


Yiirium 


402-5 


3K-2 


Stfeninni 


494-6 


39-6 


Zinc 


■l03-i 


3^-31 


SiUcor> 


277-3 


32-2 


Zireoniuiii 


420-i! 


3,-1 -7 



The principal law which governs chcinical combi- 
nations is, that hoclies unite chcmiciiHy with each 
other otUj/ in the proportion of tfmr equiviUmtn, 
or in multiples of their equivalents, and in no 
intermediate proportions. This hiw h well illus- 
trated by the five compounds whicli iire formed 
by the union of oxygen and nitrogen. Tbe first of 
these, proiojnde of nitrotfen, or nitrous nj-ide, con- 
tains 14 parts of nitrogen and 8 of oxygen; that 
is, one equivalent of each constituent. The wwind 
combination of these elements, deutoxide of nitrrt' 
gen, or nitric ojide, contains 14 partjt of nitrogen 
and 16 of oxygen; that is, two Cfjuivalents of uxy- 
gen and one of nitrogen. The third, nitrojis acid, 
contains 14 parts of nitrogen and 24 of oxygen, or 
three equivalents of oxygen and one of nitrogen. The 
fourth corahinatiun, perojride of nitrogen, contains 
14 (larts of nitrogen or one efjuivalent, and 32 parts 
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of oxygen or four equivalents. The fifth and last, 
nilric acid, of which <upta-fnrtis of commerce is a 
wthitioti in wnter, is composed of 14 parts of nitro- 
f^im or ono (ti|iiivttlent, and 40 parts of oxygen or 
live equivalents. In the five compounds, therefore, 
one H[. of nitrogen is combined respectively with one, 
two, three, four, and five equivalents of oxygen. 

The law illustrated in the last paragraph applies 
efjuftlly to combinations among bodies themselves 
c<impoiind. 

The ii({uivalent of a compound body is always 
the sum of the equivalents of its constituents. Thus 
the equivalent of water on the hydrogen scale is 9; 
water being composed of one eq. of hydrogen = 1 , and 
one eq. of oxygen = 8. The equivalent of potash 
is 47 ; that alkali containing one eq. of potassium — 
.19, and ono ei|. of oxygen = 8. Now 47 parts of 
potash combine with exactly 9 parts of water to 
form the hydrate of potash or compound of potash 
and water. As sulphuric acid is composed of one 
equivalent of sulphur =: 1(1, and three equivalents 
of oxygen = 24, the equivalent of sulphuric acid is 
40. To form neutral sulphate of potash, consisting 
of one eq. of potash and one eq. of sulphuric acid, 
47 parts of potash combine with exactly 40 parts 
of sulphuric acid, and the equivalent of the re- 
sulting sulphate of potash is 87. An equiva- 
lent of sulphuric acid unites in like manner with 
9, 18, and 27 parts of water to form hydrates con- 
taining respectively one, two, and three equivalents 
of water. Here is, therefore, an example of com- 
bination in multiple proportions lietween bodies 



r 



CHEMICAL AFFINITY. 



»«Qiid. However ^TC&t rmiy Im llio 
eqaivaleiits of the elements of a curu- 
powid body, the uniTersuIity of the law tlmt thi< 
eqnivakzil of the compound is the sum of the (M|tii- 
nlents of its constituents is by no mcaiiH afliictiitl. 

3. 7%e resulting compound ahimyH diffh-» in 
tAemical, and ofieti I'w physical prajiertii's, from 
itt contHtuetifi. — A change in the pn)|>ertioH of 
the combining substances is the leadiufC circiimHtanC'B 
that distinguishes chemical coinbinatlnn from riHJtihtt- 
nical admixture. In tlie foimwr the chaiino in nevwr 
wanting; in the latter, the propertie* of the mixture 
are the mean of those of its conHtituente. Wo fthould 
not suppose from its appearance that comni'in unit in 
a compound body: mucli less that this hFirmlcss nub- 
stance is composed, on the one part, of a l«i(ly which 
when uncombiued is a highly irritating anil iioxinun 
gas (chlorine), which causeH instant deatli if iriliahul; 
and, on the other part, of a metal (Hodiuin) an 
bright as silver, which has the extraordltjary pro- 
perty of taking fire when moistenwl with wat<!r. 
Sometimes a change in density and form at- 

IjOnds the chemical r,umbination of two imbHtJuici^H. 
Thus two gases may give rise to a solid, as lia|'i' 
pens when ammoniacai gas and muriatic a^-id gnu 
are mixed together. A solid sometirnoft assumes 
the gaseous state by combining with a ga»; thus 
sulphur and charcoal form ga»cs by c<imbining with 
hydrt^en gas. Gases sometimes unite, however, 
without any alteration in bulk. When c<ftnbina' 
tioo takes place among solids and lirjuids with the 

p.ftnnation of a iwlid or lirjuid, c<jndensatii)n \t> a 
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more freqaeot result than expansion; and, if other 
evidflnce of cHemiad combination is wanting, that 
of the occoireDce of a condensation may be consi- 
dered conclasive. Thos the contraction which re- 
sults when water and alcohol are mixed in certain 
proportions, is considered, of itself, a sufficient 
proof of the chemical unioo of the water with the 
alcohol. 

A change of colour very frequently attends che- 
mical combination ; sulphur forms a red and a black 
compound with mercur)-, black compounds with lead 
and copper, a white compound with zinc, and two 
yellow compounds with arsenic. Iodine, whose va- 
pour 13 violet-coloured, forms a white compound 
with copper, a yellow compoimd with lead, and a 
scarlet comjiound with mercury. An example of a 
change in propertifc': is afforded, in short, by al- 
most every case of chemical combination. 

Change of temperature is a frequent result of 
chemical action. It is said that the direct chemi- 
cal combination of two or more substances never 
occurs witliout the developemeut of a certain amoimt 
of heat, on which circumstance depend all our ordi- 
nary artificial modes of obtaining heat. The produc- 
tion of heat in the act of combination may be some- 
times referred partly to the condensation which 
usually takes place, the compound formed having a 
smaller specific heat than its constituents ; but in a 
great many cases this explanation is inadmissible. 
The true cause of the evolution of heat in chemical 
combination still remains to be accounted for. The 
intensity of the heat developed through the com- 
binatioii of two bodies differs greatly, 



tiie farcmostances in which the coniliiuntion takes 
plaee; bat it is a remarkable faci that the i/uan- 
ti^ or absolute amouni. of heat (to apply to an 
inpondeirable agent t^rms which belong to niattirial 
sohsbuices) is the same for like quantities of the 
combining substances, whether the union takes pliwi*. 
rapidly or slowly. Oxygen and hydrogen gasos may 
he made to unite and form water quickly, as by contact 
with flame or spongy platinum ; and slowly, by pla- 
cing the mixed gases in contact with some earthy 
mould. In the first case, the intensity of the 
heat produced is sufficient to fuse with facility 
many substances which are quite iiifusihle at the 
highest temjwrature of a smith's tbrge: in the se- 
cond case, the temperature rises very little above 
that of the surrounding atmosphere. But iheitj is 
reason to believe that the actual quantity of Iieat 
developed is the same in both cases for like quan- 
tities of the gases; the difierence is only in inten- 
sity or state of concentration; the slowness of the 
action in the second case allowing the iliatributiou 
of the heat to surrounding bodies to a far greutoi' 
extent than could possibly be the case in the rapid 
combustion of the gases. The superior vivacity of 
the combustion of tallow, a match of wood, &c. in 
oxygen gas, compared with air, depends entirely on 
the same circumstance. A piece of charcoal burns 
with far more heat and liglit in oxygen gas tlian in 
air; but it unites with oxygen, or is coiiBumed, pro- 
ionally faster. 



r 



■4. (Jhemical union may take place indirectly 
Jy guhstUution, or directly. — The following exam- 
ples will serve to illustiatc this proposition. When 
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tti« twu component parts of common salt, chlorine 
lUiU sodium, are placed in contact, a direct combi- 
iiiiUou instantly ensues. But the union of the chlo- 
I'tne and swlium can be effected in a very different 
Uiaiiuor, with the formation of the same compound. 
I'lio ooiubiuatiou takes place indirectly, for instance, 
when hydrochloric or muriatic acid (a compound 
nf hydnigcu and chlorine) is brought into con- 
tact with soda (a compound of sodium and oxy- 
j(eu). Again, if a mixture of iron filings and flow- 
wa of sulphur is projected into a crucible heated 
tti dull redness, a direct combination of iron and 
ftulpliur unaues, the sulphuret of iron being formed. 
UuL the same compound is formed when a solution 
of sulphuret of potassium (a compound of sulphur 
Wtd potauHiuni) is mixed with a solution of chloride 
uf iiou (a compound of iron and chlorine), 

tiikUruct uiiinbinations of this nature are charac- 
tvft]!t;d by two important circumstances. While 
uuiuu is taking place on the one hand, there is 
iWOV^Mtu'ily decomposition on the otlier ; for tlie sub- 
«hllK'>V''' which lu-e to unite are brought into contact 
)u It ittiU- i.i{ previous combination with other sub- 
«Uo<> >''^' '" the formation of common salt or chloride 
»i *iiiliuui by hydrocldoric acid and soda, there must 
Ui 14 ili^iiHHiKisitioii both of the hydrochloric acid 
ni\\\ ilw ^u, in order that the chlorine and so- 
tliuiu ititiv luulw. And when sulphuret of iron is 
iW'ini-' *>\ uiutns sulphuret of potassium with chlo- 
i'i>K .Ik' sulphur and iron cannot unite 

Wi ,|>,..Aition of tlie sulphuret of potiis- 

iHi . :., . hlni'ido of iron. As there are two 

■Uiiuti^HMi t»v MV tbctx' likewise, generally, two combi- 
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BBtiBB& WlteD lijdroclUonc acid is made l^i act on 
soda, mioB is ejected, Dot only botWLvn t.lic oJilortne 
sad aadhni, bat the hydrogen of tlic liydn»liUH'io 
aad mites at the same moment witli the oxygon of 
tfceeoda, to produce water. CMuridu of audiuu) and 
Wats', dterefore, are the products ol' tlic action of hy- 
ditichlaic acid on soda. The manner in which the 
decompositions and combinations occur is more cU^arly 
exhibited in the subjoined diagran\. Thi> first co- 
lumn contains the namts of the original subsUinoos; 
the second, the names of their constituents; and the 
third, the names of the compounds which aiv, fornicil. 
the lines indicating how the constituents of the ori- 
ginal substances become arranged. 



M^' 



In like manner, as two deconipositionM (KHiur 
len sulphuret of potassium and chloride nf iron 
are made to act on each other, so are tlioru like- 
wise two combinations; for at the same time that the 
sulphur of the suiphuret of potuxeium unitun with 
the iron of the chloride of iron, the chlorine of the lat- 
ter unites with the potassium of the sulphuret of 
potassium to form chloride of potassium. The an- 
nexed diagram will illustrate these changes. 

Sulphuiet of potBs- ( PotasBi um . .^^ Chloride of jiuiaiiluni 
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Such reactions as these are described as double 
decompositions or double suttstitutiuns. But an- 
other kind of indirect union frequently occurs, m 
wliicb there is a single decomposition and a single 
substitution, only one of the tivo substances which 
are to be united being then in a state of previoua 
combination with another substance. The action of 
iodine on sulphuretted hydrogen, explained in the 
annexed diagram, is of this nature. 

Siilphurelteil Hydro- (Sulphur Sulphw (free) -_ 



iHjdriodic acid. > 
In this example there is a single union and a 
single decomposition ; or, in fact, merely a substitu- 
tion of iodine for sulphur in the sulphuretted hy- 
drogen. A great number of compounds may be 
readily formed by reactions of this kind, all at- 
tempts to obtain which by direct combination have 
been fruitless. 



Solution The attractive force by whicb one 

body is dissolved in another in the liquid state has 
been considered by some to be identical with che- 
mical affinity. One of the characters of a chemical 
union is certainly in some degree fulfilled in solu- 
tion, namely, change in properties; but several cir- 
cumstances manifest a difference between the two 
forces In most cases of solution there is not only 
no increase of temperature, but a production of 
(■old from the abstraction of a certain amount of 
heat from surrounding bodies, which is rendered la- 
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leiit by the dissolved substance, as always hap- 
pens when a hoily passes from the sulid to the 
liquid condition. In solution, the union take* place 
in no fixed proportions : a certain quantity of water 
can dissolve or combine with any quantity of com- 
mon salt less than 37 per cent, of the weight of 
the water; and the solution has the same appear- 
ance, whether it contains a large or a small propor- 
tion of salt. Water, it is true, has a constant 
niaxiraiira solvent power for every soluble salt at 
a particular temperature; but the quantity of wat«r 
and the quantity of salt in solution bear, in gene- 
ral, no simple relation to the chemical equivalents of 
these substances. Again, chemical combination takes 
place with so much the more energy as the properties 
of the combining substances are more opposed; but 
solution, on the contrary, with a readiness corrC' 
spending to their similarity in properties. Thus, to 
dissolve combustible bodies containing a large pro- 
portion of carbon and hydrogen, such as resin, fixed 
oils, essences, and caoutchouc, combustible liquids 
must be used, as alcohol, ether, naphtha, and oil of 
turpentine. To dissolve a metal, another metal 
must be used, as mercury : * oxidated bodies, as most 
salts, require oxidated solvents, as water and acids: 
very few saline matters soluble in water are also 
soluble in ether aod in oils. An essential difler- 
eoce exists, therefore, between the act of solution 
and that of chemical combination; the former be- 

* Wbca • metal b Mid lo be dJamlTed id mi kcid, u eoppcT in nilrie 
tai, tai ezMBpfe, tl ii, in realhj, doC the meul iu»lf vliieh iimd'nt, 
hat a RJwttBce fcnD(4 br tlie chemical actioD ofUieacidaa ibe mettl, 
•iUUlerfMITei- 
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r rf a salt 

» 4^ Ae arifiBt, the 

. uf ml At a^^ tern- 

I -m lUk lam t rf uiuJ to is 

k ah. of vftM^ Ok sune 

. 17 water ai dl tempen- 

i^aiu Ifi tnodier case, lliat 

ir MihilalirF of de salt in- 

rhr laiqiasme ft2' Fahren- 

iiuuns a paitt «f Jry sul- 
-.utr, bat at a 1h^^ tempe- 
>t iTimii* iii|: w large a pro- 
iJl «llw cnom, 80 £u- as is 
s;>li JiiirtTad BCKUies with 
I. deoflopastMa and forma- 
^ ?wMiWK<e take fdaoe miiier die 



k 4^ 1^ incraaaed sctlubility of 

■ to effect their ciystalii- 

t df a salt mturated (con- 

of tlie salt) at a higli 

» cool, it retains in solutjon 

to its reduced tcnipera- 

f 4iqih«ited, it may be in the 

Stute- * saturated solution of 

•witperature of il2' contains 

kta erery 100 parts of water; 

litmn to 50" Faiirenheit, 44 

^ aystals, 100 parts of water 
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at 50* being incapable of liolding in solution nioro 
than 30 parts of Epsom salts. 

Some cases of solution, however, are iiinloubtctlly 

locompanied witli the chemical union of the solvent 

with the body dissolved; as, for example, wlicn dry 

potash or dry chloride of calcium is dissolved in 

water. In these, as in other cases of direct cheniical 

combination, there is developement of heat, while 

I oold is produced in a case of solution merely. When 

I XDch a combination takes place, it is, strictly speukitig, 

2 compound formed which dissolves ; as, the hydrate 

t rf potash, or the hydrate of chloride of calcium. 



Projnmate and ultimate crmstituaiU, mid Sym- 
ols. — The composition of a compound body may bo 
expressed in the simple elements which form what 
are called its ultimate constituents, and also very 
frequently by those compound bodies which by i\mv 
immediate union compose the substance in question. 
The latter are called prodimate cnnntituents. Of 
dry sulphate of magnesia, for instance, the ulti- 
mate constituents are sulphur, oxygen, magnesium : 
the proximate constituents are sulphuric acid and 
magnesia: thus, 

I 8iit[>liiir 
I Oxyiten 

I Magiii-KiiiLii 
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TliL' roiupusitiuii ul' crystallized alum is wore com 
[ilex; thus, 





UUim^e 


SuipKuric 
Bcid 
SiilplmU-uriiluiuiiu 

AluminB 


[It 




lOijgtn 


.Sulphurk 
Biilpliuti-ofiH-tash j "'' 


[Sulphur 
lOiygm 


(putasL 


J PulaiMiuni 

(OKjgcn 


Wwer , , . . . 





Ntiw the composition of crystallized alum may be 
expressed in so many parts of sulphur, oxygen, alumi- 
lutni, potassium, and hydrogen ; or in so many parts 
of sulphuric acid, putast^ alumina, and water; or in 
so many parts of sulphate of alumina, sulphate of 
potasli, and water. 

The expression of the composition of a substance 
which is a chemical, and not a mere mechanical 
compound, should include, if possible, the atomic 
composition of the substance, that is, the relative 
proportions of the equivalents of its constituents, 
as well as the ultimate or per-centage composition. 
Much more information may be conveyed in such 
a statement than in that of the per-centage compo- 
sition alone, represented either according to the 
proximate or ultimate constituents. The reasons of 
this will be obvious from the considerations offered 
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Atomic 


Per -rentage 




oralim. 


weight. 




«V'«' 


1 


21 


18'1 


Sulphuric acid. 


1 


40 


aa-i 


Water 


7 


63 


no-8 


Sulphate of mur 


nesia 1 


... 124 


100-0 



^Bit page 13 et scg., on the definite proportions in 
" fl-hich chemical union takes place. As an example, 

the composition of crystallized sulphate of magnesia 

may he represented thus : 

^ The readiest method of representing the composi- 
tion of a compound body is by the association of 
symbols of its elementary or proximate constituents. 
Each eleraentivry substance is represented by a par- 
ticular symbol, which is the initial k'tter of its Latin 
name ; but when the names of two or more elements 
begin with the same letter, the distinction is made 
by an additional letter in a smaller character. Thus, 
phosphorus being represented by tiie letter P, plati- 
num is indicated by Pt, and palladium liy Pd; C 
being the symbol for carbon, calcium is represented 
by Ca, chlorine by CI, and cobalt by Co; the Braall 
letter is significant only when in conjunction with 
the large letter. The following table includes the 
symbols of all the elementary substances known. 
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TABLE OF BTMBOLS. 



Elanente. 


Sjmb. 


EterasnU. 


STmb. 




Al 
Sb 
As 
Ba 
Bi 
Bo 
B 
Cd 
Ca 
C 
Ce 
CI 
Cr 
Co 
Ta 
Cu 
Di 
Fl 
Gl 
Au 
H 
I 

Ir 
Fe 
La 
Pb 
Li 
Mg 




Mn 
Hg 
Mo 
Nk 
N 
Ob 

Pd 
P 
Pt 
K 
R 
Se 
Si 

Sr 

S 
Te 
Th 
Sn 
Ti 
W 

V 

u 

Y 

Zn 
Zr 


Antimony (Stibium) ... 
Arsenic 


Mercury (Hydrargyruni) 
Molybdenum 


Nickel 

Nitrogen 


Bismuth 




Palladium!"!."".".!".'.'. 


C&diuium 

Caldum 

Carbon 


Phosphorus 

Platinum 


Rhodium 

Silicon 


Chlorine 




Cobalt 

Columbium (Tantalum) 

Copper (Cuprum) 

Didymium 


Silver (Arprentum) 

Sodium (Natrium) ... 


Sulphur 

'retluTium 

Thorium 

Tin(Stannura) 

Titanium 

Tungsten or Wolfram . . 

Vanadium 

Uranium 


Glucinum 

Gold(Aumm) 

Hydn^en 

Iodine 

Iridium 


Lantanura 

Lead (Plumbum) 




Zinc 


Magnesium 







The foregoing symbols represent, at the same time, 
the cheniical equivalents of the elements. Thus the 
letters H and O express not hydrogen and oxygen 
indefinitely, but a single equivalent of these elements : 
that is, on the hydrogen scale, 1 part of hydrogen 
and 8 parts of oxygen; and on the oxygen scale, 12*5 
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^^MTts of hydrogen and 100 parts of oxygen. The 
' symhol of itself expresses only one equivalent, and, 
when several equivalents are to he indicated, this 
symbol may be repeated: thus, 000 would signify 
three equivalents of oxygen ; or else a figure shewing 
the number of equivalents may be placed immediately 

I before the symbol, thus, 30 ; or, what is preferable, 
ft smaller figure may be placed after the symbol, 
either above or below it, thus, 0' or 0,. 
Now the association of symbols either with or 
without the + .sign, signifies combination : thus, the 
formula K +0 or KO represents a compound of one 
equivalent of potassium and one equivalent of oxy- 
gen, which is the alkali potash. H + CI or HCl 
represents hydrochloric acid, composed of one equi- 
valent of hydrogen and one equivalent of chlorine. 
SOj signifies sulphuric acid, a compound of one equi- 
valent of sulphur with three equivalents of oxygen. 

Something more may be expressed in symbolic no- 
tation than the names of the elements of a compound 
body and the numbers of their equivalents; the con- 
stitution of the compound, or the mode in which 
the elements are arranged, may also be represented. 
The formula Fe S 0* expresses truly the composition 
of proto-sulphate of iron (copperas), but not the ar- 
langement of the elements ; on the contrary, the for- 
mula FeO + SO, or FeO, SOj signifies that the salt in 
question is composed of oxide of iron and sulphuric 
acid, the -r sign, or the comma, indicating a distribu- 
tion of the eiements of sulphate of iron into its proxi- 

? constituents, oxide of iron and sulphuric acid, 
r The small figure on the right hand of a symbol 
not apply to any other symbol than that to 




( 
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which it is immediately attached ; but a large figure 
placed before the symbol, like ft cn-efficicnt io algebra, 
affects the whole cumpotind expressed, or at least 
all the symbols before the first comma, or plus sign. 
Thus 3N0i and 2S0j signify three equivalents of 
nitric acid and two equivalents of sulphuric acid. 
The formulffi 2H0, SO, and 2H0 + SO, express not 
twice HO, SOj but a compound of two equivalents 
of water witli one equivalent of sulphuric acid; the 
SO, not being affected by the figure 2 at the begin- 
ning, because of the interposition of the comma or 
plus sign. To make the whole symbol subject to 
the influence of the figure at the beginning, it should 
be enclosed within a parenthesis, thus 2(110, SO,) 
represents two equivalents of hydrated sulphuric acid, 
and 2(MgO, SO, + 7H0) two equivalents of crystal- 
lized sulphate of magnesia. The following formulffi 
of some minerals afford examples of the application 
of these rules : 



Felspar, KO, BiO^ + A1,0„ 3S0,. 

Anfllcitne, 3NaO, SSiO, + 3A]fl^ 2SiO, + 6H0. 

Apophyllile, 8(CBO,8iO,) + K0,2S)0, + 16H0. 

To avoid indistinctness or confusion from the greal 
length of the formulse of some bodies, several abbi 
viationa have been introduced. When two equivi 
lents of an element are to be expressed, a line 
sometimes drawn through the symbol or placed under 
it; thus, U and H signify two equivalents of hydro- 
gen. An equivalent of oxygen in a com[)ound is 
expressed by a dot placed over the symbol of the 
other element, the number of dots being the same 
as the number of equivalents of S exprei 



eaifl 

ir&jfl 
VBrcfl 
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sulphuric acid, and K potash ; therefore K S stands 
for sulphate of potash. Alum is represented by 
KS, Ai3S + 24H. Sulphur in a compound is some- 
times represented in a similar manner by a comma 
placed over the symbol of the other element, sele- 
nium by the sign — , and tellurium by the sign + ; 
but such abbreviations will not be made use of in 
the present work. 

The vegetable and animal acids are conveniently 
represented by their initial letter with a dash placed 
oyer it; thus A stands for acetic acid, C for citric 
acid, Tar for tartaric acid, and F for formic acid. 



In addition to the table of the equivalents of the 
elemeuts at page 1 6, the fdlowing, which contaim the 
equivalents of several acids and bases, will be found 
convenient for reference. 



I 
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TABLE OP EQDITALEST8. 


1 


1 


1 


Acetic (dry), A = 


I. A 

aio 

. 99-t 
.118-0 


IDS, 
Hypermanganic, Mn ^ 0- 
Hyposiilphuric, S^Oj . 
Hypo snip t.urotu, S,0, . 

Iodic,! Oj 

Lactic, "r=(CsH^O,) 
MaHc,M = (GflH^Oa) 
Manganic, Mn O, .... 


112-0 
. 7fS 
. 48-3 
.166-6 
Sl-0 
116-0 
5W 
. 54-0 

es'O 

36-0 
. 71-5 
463 
■M-1 
«0-l 
98-2 




ArBenic, As 0^ 


Benzoic, Bz = 

B^.'bX±:::.: 




118-5 
. 8«-0 

. 75-5 

52-S 

. 58-0 

. sr-o 

67-0 

lar-fi 

79 '4 
36-5 
27-4 
19-7 
17-0 


Carbonic, CO 


D* hydrated^ H 6, N bj 
Oxalic, C,0, 


Chloric, CIO 


Chromic, Cr Oj 

Citric, C=(C^H,0 J. 
Formic, F = (C,HO,). 
GaI!ic,G = (C,HO,).. 
Hjdriodic,Hl 

Hydrochloric, H CI.... 
Hydrocyanic, H Cy .... 
Hydrofluoric, H Fl .... 
HydroBn!phuric,HS.... 






D" hyd«ued, H O, S 
2{H0, SO,) 


Snlphurous, S 0, 

Tannic, Tn = 

(C,gH,0g) 


38 1 

285-0 
132-0 


Tartaric, Tar = 

(0^11,0 fl) 






Alumina, Al^ 0, 


II. B 

51-5 
17-0 
153-0 
76-7 

102-4 
37-6 
39-7 
^71-4 
78-4 
35-a 

111-7 
28-5 
20-7 


iSES. 
Manganese, protoxide oi 


37-7 
109-4 

210-9 
37-6 

106-8 
47-3 

11 6-3 
31-3 
51-9 
74-9 

40-3 


Antimony, oxide of, 


Mercury, oxide of, Hg 
Mercury, suboxide of, 

Hg, 

Nickel, oxide of, Ni .. 
Platinum, oxide of, Pt 
Potash, KG . 


Chromiuin, oxide of, 

Cr.O, 

Oobalt, oiide of, Co .. 
Copper, protojt. of, Cu 
Copper, suboxide of, Cu, 
Iron, peroxide of, Fe^ O, 
Iron, protoxide of. Fa 0.. 
Lead, protoxide of, PbO 
Lime, GaO 


Silver, oxide of, Ag . 
Soda, Na . 




Tin, peroxide of, Sn 0^. 
Tin, protoxide of, SuO.. 
Zioc, oxide of, ZnO 


Magnesia, Mg 


L 




^^^ 
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1 1. History of the Progress of Gas Illumination. — ^11. Composilion of 
Coal. — III, HydrocarWw. — IV. Process of making Coal Gas, — 
V. Secondary products of tlie Cool Oas Manufacture. — VI. Oil Gas. 
— Vll. Resin Gas.— VIII. Mode of Burning Gas.— IX. Economy of 
Oas Illumination. — X. Modes of estimating tlio Illuminating Power 
HDiI Puritj of Light-Qag, — XI. Begulators and Metcm. Naphtba- 
lized Oas. 



Of the numerous aervicea which chemistry has 
rendered domestic ecouomj, there is certainly none 
which possesses more general importance and in- 
terest, and none that has been more fully or more 
aacoessfiiUy developed, than that of lighting by means 
of gas obtained by the destructiTe distillation of car- 
bonaceous substances. 

The process of making gas from such bodies is 
simple, and an outline of it may be given in a few 
words. 

The material commonly employed as the source of 
gas is coal, that being the most accessible ; but any 
substance of a resinous, fatty, or bituminous nature 
may also be made use of. Such bodies contain a 
large proportion of carbon and hydrogen, with, rela- 
tively, a small amount of oxygen ; the two former 

ments are the essential constituents of gas for illu- 
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minatioQ. To make gas from coal, that substance is 
heated to redness in a large cast-iron tube, or retort, 
placed horizontally in a furnace ; the volatile matters 
which are given off from the coal are conducted by a 
tube from the retort into a rexeiver called the hydrau- 
lic main, in which -the liquid products of the distilla- 
tion are, to a great extent, separated from the gaseous 
products. The former consist of a black oily liquid 
known as coal tar, and a watery fluid known as the 
ammoniacal liquor. The gaseous product of the dis- 
tillation, which is a very heterogeneous mixture, and 
unfit in its present state to be burned within doors, 
is purified by transmitting it, in the first place, 
through cold iron tubes, in which it deposits a fur- 
ther quantity of condensable matter ; and, in the 
next place, through milk of lime, or through layers 
of damp hydrate of lime, to absorb sulphuretted 
hydrogen and carbonic acid. It is sometimes, lastly, 
freely washed with water, by whicli a quantity of 
ammonia is withdrawn. The gas is then conducted 
to the gasometer, from whence it is distributed by 
pipes as may be required. 

To procure gas from tar, resin, oils, and fats, these 
substances are introduced, by small quantities at a 
time, into a retort, which contains pieces of brick or 
coke heated to redness ; a combustible gas is given off 
in abundance, and the only purification it requires 
is cooling, to deposit its more easily condensable con- 
stituents. 
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5 1. HISTORY OF TOE PROGRESS OF CAS ILLUillNATTOX. 



Although the appticatiou of the gases produced by 
the destractive distillation of pit^Mia! as a means of 
procuring artificial light is of luoderu invention, yet 
the germ of it may be traced back nearly two hnu- 
ired years. In the year 1659, Thomas Shirley is 
said to have attributed the exhalations from the 
burning well of Wigan, in Lancashire, to the suit- 
jacent coal-beds; and. soon after, Mr. Clayton, 
rector of Crofton, at Wakefield, in Yorkshire, actu- 
ally prepared gas by the distillation of coal. In 
a letter addressed to the Royal Society, May 12, 
1S88, C"* giving an account of several obserratioris 
made in Virginia, and in the voyage t/tither, 
more pwticularlj/ concerning the air") speaking 
of the thunder in Virginia and its effects, Mr. Clay- 
ton observes, " I have been told by very serious 
planters, that thirty or forty years ago, when the 
country was not so open as it is now, the thunder 
was more fierce; and that sometimes, after violent 
thunder and rains, the roads would seem to have per- 
fect coats of brimstone: and it is frequent, after 
much thunder and lightning, for the air to have a 
perfect sulphureous smell. Durst I offer my weak 
reasons when I write to so great masters thereof," 
(meaning the council of the Society,) " I should liere 
consider the nature of thunder, and compare it with 
some sulphureous spirits which I have drawn from 
coals that I could no way condense, yet were in- 

mmable; nay, would burn after they passed 
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through water, and that seemingly fiercer, if they 
were not overpowered therewith. I have kept of this 
spirit a considerable time in bladders; and though it 
apj>earcd as it" it were only blown with air, yet, if 
I let it forth and fired it with a match or candle, 
it would continue burning until all were spent." 
?hil. Trans. 1693, No. 201, page 788.* 

About the year 1770, a spontaneous evolution of 
gas tflok place at a colliery near Whitehaven, belong- 
ing to Sir James Lowther. It caught fire on the 
approach of u llgLted candle, and afiorded a flame 
of more th*n two yards in height. To prevent an- 
noyance to the workmen, it was conducted from the 

* Tbo Pliilotof^iatl Tranraetions for 1739 eontBim a letter an lite 
" iplVil qfcoalt," fruin tlic iwiic author, addrcseed to tlic Hod. Robert 
Bojlc, com muni cmcil by Dr. Robert Clnytou, Bisliop of Cork and Or- 
rery. In lliii he enters more uiinutelj itito the prodiiclB of the distiUa- 
tiua of ooal. As Utrrlc died in 1661, it wu probably written about the 
name time as the proceding letter. 

" Having aL-cn a ditcli williin two milcB of Wigaii, ld Lancashire, 
wherein tbc water wonld ieemingly bum like brandy, the flame of whieb 
WH 10 fierce tliat Bevaal ■tmiigin hare boikd eggs otgt it ; the people 
tht^reaboutK aflinned, indeed, tbit about ibirty years ago it would have 
boiled a piece of beef; and thai, wliereag much rain formerly made it 
btim fiercer, now, after tain, it will acarecly bnrn at b!I. It was after ■ 
long-cuntiuued •eoHia ot ruin tbat I cMnu tu xcc tbe place and make 
X! experiments, and found, accordingly, that a lighted paper, though 
it were waved ^! over the ditch, tie water would not take fire. I then 
hired a person to make a clam in tlie ditch and Ding out tbe water, in 
order to try whether tlic Kteuu Mliiah aruM out of tbe ditab would then 
take tire, but found it woldd not. I slill, however, pursued my esperi- 
inent, and Tnadc him dig deeper; and, wlicn he had dug about the depth 
of half a yard, vn found a abcUy ecal, and, the camilc being then put 
down iijlo the hole, tbe air eatched fire itid contiuued burning. 

" I got some coal and distilled it in a retort in an open fire. At first 
there catne over only phlegn>," (ammoniaeal liquor,) "afterwardBahlack 
oil," (tar,) "and then, likewise, a spirit arose which I eonld no ways con- 
dciiae : but . it Ewced Tuy lute or broke my glassci'. Once when it bad 



pit by a tnbe whicb terminated fonr yards above the 
surface. The gas isaaed with such force from the ex- 
tremity of this tiibe that large bladders might be 
filled with it in a few seconds ; these were fitted up 
mth little pipes, througli which the gas might be 
pressed oat and horned when required. A notice of 
this evolution of gas, or " blower," as it is now termed, 
was communicated to the Royal Society in 177.3. 

About the same time, the production of a per- 
manent gas by the destructive distillation of coal, 
was noticed by Dr. Hales and by Dr. Watson. The 
former, by distilling 138 grains of Newcastle coal, 

forced mj lute, coining close thereto in order to try to reptui it, I ub- 
served tliat the spirit wliich issued out caught fire at the flanie of llie 
candle, and continued burning with violence as it issaed out io a gtream, 
which 1 blew out and lighted again altemately for several times, 1 then 
had a mind to try if I could save any of this spirit ; in order to which I 
Uiok n turbinated receiver, and putting a candle to the pipe of the rc- 
ceirer, whilst the spirit arose, I observed thai it catched flame ond con- 
tinaed burning at the end of the pipe, though you could not discern what 
fed the flame. 1 then blew it out, and lighted it again several limes ; 
after which I fixed a bladder, ai^neezed and void of air, to the pipe of the 
receiver. The oil and phlegm descended into the receiver, hut the spirit 
still ascending blew up the bladder. 1 then filled a good many bladdera, 
and might liavc filled an inconceivable number mure ; for the spirit con- 
tinued to rise for several hours, and filled the hiadderfi almost as fast as a 
man could have blown them with hia mouth, and yet tlie quantity of 
eo^ distilled was inconsiderable. I kept llits spirit in the bladders n 
considerable time, and endeavoured several ways to condense it, but in 
vain ; and, when I had a niind to divert Btrsngers or friends, I have fre- 
i;ncntly taken one of these bladders and priclted a hole therein with a 
pin, and compressing gently the bladder near the flame of a candle till 
It once took die, it would then continue flatuiog till all tlie spirit was 
cumpreBHcd out of the bladder ; which was the more surprising, hceause 
DO one could discern any diflcrence in appeanmce between these blad- 
ders and tliuse which ore filled with common air." Buch ohserva^uns 
tlicEc in an age more alive to economic improvements thi 
"hich they were written iniglir have been the means of the general 
introduction <if gas ilii 
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obtained 51 grains of incondensable air (Vegetable 
Statics). Dr. Watson observes in his Cliemical 
Essays, " I took 96 ounces of Newcastle coal, and, 
putting them into an earttien retort, distilled them 
with a fire gradually augmented till nothing more 
could be obtaiaed from them. Daring the distilla- 
tion there was frequent occasion to give vent to an 
elastic vapour which would otherwise have burst the 
vessels employed in the operation." When the 
weights of the liquid products of the distillation and 
the remaining coke were added together, a loss 
remained of twenty-eight ounces, which Dr. Watson 
concluded to be the same kind of elastic vapour as 
had been previously obtained by Dr. Hales. The in- 
flammability of the gas is also alluded to elsewhere. 



It is uncertain to whom the credit of first sug- 
gesting the general employment of gas of any kind 
as a means of procuring artificial light is to be as- 
cribed. It is stated in several French works that 
the idea of employing gas obtained by the destruc-- 
tive distillation of wood for purposes of illumination 
originated with Philip Lebon, an engineer, in 1785 
or 1786, but Lebon made no communication on 
the subject to the Institute until the year 1799. 
In the following year he obtained a patent, and in 
1801 published a memoir containing an account 
of hiB process under the title, " Thermolampes oa 
poMes qui chauffent, iclairent avec iconomie, et 
offreiit, avec plusieurs produits prideux, une force 
motrice applicable (I touts espece de machines" 
Lebon states that all unctuous substances afibrd, by 
being distilled, a gas fit for illumination: but he does 
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Qot appear to have made any experiments on the 

distillation of coal ; the material which he generally 

enpioyed was wood. As the gas from that source 

:sses very feeble illuminating power, Lehon'e 

nidation, as might have been anticipated, proved 

implete failure ; he abandoned the enterprise, and 

iblished a pyroligneous acid manufactory near 

Versailles, in which he made the combustible gas dis- 

igaged from the wood subservient to the heating of 

retorts. 

But, while Lebon was making these unsuccceefut 
impts to introduce gas iUumination into France, 
■0 individuals were engaged with the same subject 
England, with a better promise of success ; their 
lurce of gas being, not wood, but coal. 
The first application of coal-gax in illumination 
•pears to have been made in 1792 by Mr. William 
[ordoch, engineer to Messrs, Bolton and Watt, and 
len residing at Kedruth in Cornwall ; but the aj)- 
plication did not extend beyond his own dwelling- 
house and offices. Mr. Murdoch removed to Ayr- 
shire a few years afterwards, where he erected an- 
other gas apparatus in 1797. The first application 
of gas on the large scale was made in the following 
•, when Mr. Murdoch fitted up a gas-work at the 
lofactory of Messrs. Bolton and Watt at Sohu. 
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Novel as was this mode of illumination, it did 
not attract the notice of the public until the year 
1802, when the front of the Soho manufactory was 
lighted by Mr. Murdoch with a public display of 
gas-lights, on occasion of the national illumination 
t the spring of that year at the peace of Amiens. 
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The superiority of the new light over the dim oil- 
lights in nse at that day excited no small degree 
of popular attention. An immense crowd came to 
view the spectacle, and an account of it was circu- 
lated throughout the country in the public papers. 
Gas-works were soon afterwards erected in Birming- 
ham, Manchester, Halifax, and other towns. Li 
1804 and 1805 the extensive cotton-mill of Messrs. 
Philips and Lee, at Manchester, was lighted with 
gas under the superintendence of Mr. Murdoch. In 
this establishment were nine hundred burners, pro- 
ducing a light equal to that of two thousand five 
hundred candles; the quantity of gas made amounted 
on the average to twelve hundred and fifty cubic feet 
per hour. Mr. Murdoch sent a detailed account of 
his operations to the Royal Society in 1808, for 
which he received a gold medal. (An account of 
t/ie application of gas frmn coal to economical 
purposes, Phil. Trans. 1808, p. 124.) 

But although gas illumination was extensively 
adopted in manufactories, it made very little pro- 
gress in London, probably on account, in some mea- 
sure, of the insufficiency of the means then known ■ 
of effecting its purification. In manufactories, where 
the ventilation is generally good, the inconvenience 
arising from the disagreeable odour of impure gas was 
comparatively of little consequence; but in shops, 
private houses, churches, &c. the impurity of the 
gas would be a serious impediment to its general 
adoption. 

The indefatigable exertions, however, of Mr. Win- 
sor in London, at the same time that Mr. Murdoch 
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was carrying on his operations in the conntry, were 
very efficieot in introducing gas illnminatian into 
the metropolis. In 1803 and 1804 the Lyceiun 
theatre, and soon afterwards one side of PalJ Mall, 
were lighted by Mr. Winsor with coal-gas, the ma- 
Qofactiire of which soon suggested itself to the public 
as a iQcrative speculation. In 1804 Mr, Winsor 
obtained a patent for some apparatus employed in 
the process, and established the National Light and 
Heat Company for carrying on the mannfacture on 
an extensive scale. In 1809 this company applied 
to parliament for a charter, bat they were opposed 
by Mr. Murdoch on the score of priority, and the 
charter was refused. On a subsequent application, 
kowever, the claims of Mr. Winsor were recf^ised, 
Vnd the charter was granted. In the course of 
koto ten to fifteen years the oil-lamps of every street 

id alley of the metropolis were displaced by gas, 
ehnrches and other public buildings and shops were 
illuminated by the same light, and gas has now be- 

ime general iu almost every town in the empire. 

For many improvements in the construction of the 
apparatus, and in the practical details of the process, 
illumination is indebted to Mr. Samuel Clegg, 
irtiose attention was called to this subject bo early 
the year 1804, and who erected a gas-work of 
jiretty large extent in the following year. Among 
tile LraproTcments introduced by Mr. Clegg may be 
Bientioned the hydraulic main, by which the retorts 
'Bre isolated while being emptied and charged; the 
Vet lime purifier, and the meter. 

During a parliamentary investigation, iu 18123, it 
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was ascertained that the Chartered Gas Company (the 
original National Light and Heat Company) alone 
consumed annually at their three stations (Peter 
Street, Westminster ; Brick Lane, St. Luke's ; and 
Curtain Road, Shoreditch,) 20,678 chaldrons of coals, 
and produced on the average 680,000 cubic feet of 
gas every night. This quantity supplied more than 
thirty thousand burners, affording a light equal to as 
many pounds of tallow-candles. At the Peter Street 
station the number of retorts then erected amounted to 
three hundred, and of gasometers fifteen ; the extent 
of the main pipes belonging to this establishment 
for distributing the gas was iifty-seven miles. The 
number of retorts at the Brick Lane works in 1822 
was three hundred and seventy-one, of which one 
hundred and tliirty-three were worked on the average 
of summer and winter; the number of gasometers 
was twelve, and the length of the distribution pipes 
forty miles. At the Curtain Road works the num- 
ber of retorts was two hundred and forty, but the 
greatest number worked in 1821 was eighty; the 
number of gasometers was six, and the length of 
the main twenty-five miles. 

At the same time three other large gas companies 
were in existence, namely, the City oi' London Gas- 
light Company, Dorset Street ; the South London 
Gas-light and Coke Company, with two stations, one 
at Bankside and the other at Wellington Street; and 
the Imperial Gas-light and Coke Company, whose 
establishment at Hackney was then in the course of 
erection. The extent of the entire operations of 
these companies was a little more than equal to that 
of the Chartered Company. 
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Snoe liie lame &t which tfac above estimates verc 
BBveral other oompanies have been established 
and the amLnml tif jras made in the v«- 
rats has been increased at least seven-fold. 
HeCStirtQ^d Comjianv's works, which are snpposod 
to nq^ipilT about & fifth part of all the gas burned 
bi London and the suburbs, consume no less than 
fifty thousand chaldrons of coals annually ; and, tak- 
ing the aTera^ product of purified gas from a chal- 
dron of coals at twelve thousand cubic feet, the 
amount annually made by the Chartered Company 
is sis hundred millions of cubic feet, or, expressod 
by weight, more than eighteen million pounds. 
The gas-works nest in extent ttt the Chartered Com- 
pany's is that of the London Gas-light Company, 
whose establishment at Vauxhall Is, probably, the 
most complete in arrangement, and the most powerful 
of any in the world. The extent of their mains, 
which ramify into Middlesex as well as Surrey, ex- 
ceeds one hundred and fifty miles ; and, by the power 
of the works and the admirable mode in which the 
pipes are laid, gas may be supplied to a place more 
than seven miles distant, in the same quantity and 
with the same precision as at Vauxhall. 

The entire annual consumption of gas in Ijondon 
and the environs is estimated at not less than three 
thousand millions of cubic feet, and the light produced 
by the combustion may be considered as equal to 
what would be obtained from one hundred and sixty 
millions of pounds of tallow-candles. The annual 
consumption of coals in the various London gas-work: 
is said to be about two hundred and fifty thousand 
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chaldrons, and nearly nine hundred tons per day are 
consaraed in foggy weather in winter. 

Although the French tenaciously a^ert the claim 
of their countryman, Lebon, to the merit of having 
first applied gas as a source of light, yet this mode of 
illumination was not adopted in France until the year 
1818, when M. Chabrol de Volvic, then prefect of 
the Seine, constructed, at the Hospital of Saint Louis 
at Paris, an apparatus which supplied gas to fifteen 
hundred burners. Since that time four other gas- 
works have been erected at Paris. The provincial 
French towns which possessed gas-works in 1839 
were, Lyons, Reims, Amiens, Havre de Grace, and 
Elbeuf. Beluse oily matters are now common ae 
sources of gas on the continent. 

Notwithstanding the present enormous production 
and consumption of gas, there can be no doubt that 
gas illumination is far from having attained that 
derelopement of which it is susceptible. Gas is still 
an article of increasing consumption; and in propor- 
tion as attention is paid to improvements in its mar 
nufacture, in the fittings, and in the mode of burn- 
ing, and to the means of conducting away the pro- 
ducts of the combustion, it will become more and 
more generally adopted in private dwellings, so as to 
supersede at last almost all other sources of artificial 
Ught 

Before entering on the minute details of the process 
of making illuminating gases, it will be convenient 
to consider briefly, in the first place, the composition 
of different kinds of coal as the ordinary sources of 
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gas, and, in the next place, the compositioti and pro- 
perties of those hydrocarbons which form the most 
important constituents of light-gas. 



§ U. COMPOSITION OF COAL. 

The difference in the appearance of the several 
varieties of coal is not greater than the difference in 
their composition. The principal constituents of coal 
are carbon, hydrogen, oxygen, and nitrogen, the first 
three of which may be considered as the elements 
of pure coal; but it always contains likewise a great 
number of earthy impurities. The difierent kinds of 
coal comport themselves in the fire as ordinary or- 
ganic substances in which the combustible elements, 
carbon and hydrogen, are condensed into a very 
small Yolume. A very inferior coal contains a 
much larger proportion of carbon and hydrogen than 
wood. 

" An insight into the composition of coal, sufficient 
to determine the relative value of the diflferent varie- 
ties in most of their practical applications, may be 
obtained by determining, Igt, the quantity of vol&tUe 
matters given off by the coal when heated to lifight 
redness without access of air; and, 2ndly, tjie propor- 
tions which exist between the carbon and tbe asb, 
or earthy matter, in the remaining coke, which may 
be ascertained by incin<»ution in the opeu air. Fur 
gas iUumioation, the vaJue of the coal is proportional 
to the quantity of volatile matters which it disengages 
at a led beat. The following are the results oi exar 




A 



GAS ILLUMINATION. 



minations of this kind on a few varieties of coa}, by 
Mr. Moshet. 



Scolth caonel co&] 
Derbyshire ditto 
Welsh furnace coal 
Welsh stone coaJ 
Kilkean; coal 



The most accurate method of determining the com- 
position of coal is by an ultimate analysis, after the 
manner of an ordinary organic analysis. The follow- 
ing table contains the results of ultimate analyses o£ . 
several varieties of coal by different chemists : 






Oirbon. 


Hsdrcgen. 


0^5^. 


Nitrogen. 


I. Caking coal 


75-28 


4-18 


4-68 


15-96 


S. Splint cod 


75-00 


6-25 


12-50 


6-25 


3. Cherry coal 


74-45 


12-40 


2-93 


10-22 


4. Cannei coal 


64-72 


21-40 


, 


13-72 


5. Ditto 


72-aa 


3-93 


21-03 


2-08 


e. Ditto 


74-83 


5-4S 


19-72 




7. Ditto 


70-90 


4-30 


24-80 




8. Newcastle eoal 


84-99 


3-23 


11-78 





The analyses Nos. 1 , 2, 3, and 4 of this table are * 
by Dr. Thomson ; No. 5, by Dr. Ure ; Nos. 6 and 8, 
by M. Karsten; and No. 7, by Mr. Crum. 

As most, if not all kinds of coal, give, on distilla- 
tion, a larger or smaller proportion of ammoniaeal 
products, the existence of nitrogen is probably con- 
stant, though not indicated by the analyses of Crum 
and Karsten. The quantity of that element, how- 
ever, may not exceed a mere trace in some kinds of 
coal. The proportion of nitrogen obtained by Dr. 
Thomson seems to be in very considerable excess. 
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The compositioQ of pure splint and cannol coal, 
socording to analyses by Richardson and Kt;giiuult, is 
represented by the formula C,, H.s 0; which gives, 
when expressed in proportions per cent. 



Carbon 


fi7-27 


Hydro^r, 


7-fl» 


Oxygen 


i-SH 



lOO'(IL) 

Piu^ caking coal, according to Liebig, hus the coni- 
. position CjoHgO, or, per cent., carbon, 87-59; hy- 
I drogen, 6-57; and oxygen, 5'84. Nitrogen docs not 
seem to be an element of pure coal any more than of 
pure lignin or woody fibre, from which the coal itself 
is derived. The form in which the nitrogen exists 
is uncertain ; though given off as ammonia on the 
destructive distillation of the coal, it certainly does 
not pre-exist in that form, with the exception of 
a mere trace. It is probably derived, in part, from 
the albuminous matter contained in the original wood, 
bat it may also be traced to the animal remains found 
in the coal. 

Some kinds of coal contain a small quantity of 
a resinous matter, which may be extracted by di- 
gesting the coal in ether, or oil of turpentine: the 
resin dissolves, and leaves the other constituents of 
the coal unacted on. Such coal is probably de- 
rived from the decomposition of trees which contain 
a considerable quantity of essential oil and resinous 
matter, such as the pine, for instance. 

The extraneous constituents of the commoner va- 
rietira of coal are the following : 
B** Arqillacotwi mutter, derived from the contiguons 
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l)eds, is the earthy impurity usually found in greatest 
quantity. It is composed chiefly of silica and alu- 
mina, but may also contain magnesia, oxide of iron, 
and potash; the latter is derived from the decom- 
position of felspar (see page IG), It is mixed so 
intimately with the coal as to be invisible by the 
naked eye, and can only be recognized (except by 
analysis) by the hardness and tenacity which it com- 
municates to the coal, especially when in a consider- 
able proportion. 

Carbonate of iron is very frequently, if not 
always, found in coal. It is not disseminated mi- 
nutely, like the argillaceous matter ; but, for the most 
part, in detached reniform masses of various sizes. 

Unfortunately for some applications of coal, and 
especially that of making gas, few varieties are free 
from iron pyrites, or bisulphuret of iron. This 
mineral is generally visible by the naked eye; it 
exists disseminated in minute crystals and in layers 
in fissui-es of the coal. Tlie sulphuretted hydrogen 
contained in impure coal-gas is derived almost en- 
tirely from iron pyrites. 

Carbonate of lime is generally present in small 
quantity, sometimes minutely disseminated, like the 
argillaceous matter, but often in thick lamina. 

A constant product of the distillation of coal is 
muriate of ammonia, which shews that chlorine 
must exist in the coal in some shape or other. Chlo- 
ride of sodium (common salt), which is contained 
in the water infiltrated into the coal-mines, may be 
the source of the chlorine ; but muriate of ammonia 
itself has been detected by M. BHs.sy in a specimen 
of coal from Commeiitry, near Montlu(;on. A trace 
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L'f hydriodate of ammonia was also fouiid by M. 
Bbssj. 

Suipiaie of lime (gypsum) is considered by 
Lunpadios to be a coDstant Impurity iit coal. 01' 
all the specimens he examined, comprising moro than 
thirty in number, not one was found tu be free from 
that substance {Manuel de MataUurgie). 

Besides the Impurities mentioned, coal has some- 
times been found to contain quartz, mica, svlphate 
of ban/tes, galena, blende, dolomite, plumphate of 
lime (in reniform masses, like carbonate of iron), 
of alumina, sulphate of iron, truce*! of 
nagnesia, sulphur in the free state 
(M. Bussy), and a silicate of alumina of a p<iculiar 
composition (named pholerite by M. Ouillemin). 
Silicate of soda has been detected in tlie water 
vMch infiltrated through coal-beds (Mr. Leigh). 

Spwious coal, (called, in Scotland, pa/rrot coal,) 
which is found among strata of genuine coal, contains 
about one-fifth of its weight of stony matter. An- 
thracite leaves, when burned, nearly 40 per cent, 
of ash. 

So far OS the use of coal in making gait ia 
concerned, the impurity of greatest moment is iron 
pyrites — the principal source of sulphuretted hydro- 
gen. In the extensive purification rerjuired by the 
gas when the quantity of sulphuretted hydrogen 
is considerable, a notable proportion of useful gas, 
or vapour, is separated, together with the sulphu- 
retted hydrogen. Uence the advantage of ascer- 
taining, by analysis, the relative proportions of sul- 
phur in the diSerent varieties of coal, in order to 
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stdect that which contaios the smallest quantity^. 
It has been estimated that, from coal nearly free 
fruui sulphor, gas may be obtained wliich affords 
ten Iter cent, more light than that from the common 
smlphurous coal. It is not likely that any variety 
of coal would be found entirely free from a source of 
sulphuretted hydrogen, but the proportions of iron 
pyritea vary oonsiderably la the different kinds. 



§ III. HYMOCARBONS. 

The substances to which the illuminating power 
of coal-gas is due, are compounds of carbon and 
hydrogen, and are therefore termed hydrocarbons. 
These bodies constitute an extensive class of sub- 
stances, including solids, liquids, and gases, possess- 
ing, with a great diversity of physical characters, a 
ivuiiirkable similarity in composition. As a class, 
thtisu Iwdies possess considerable interest on account 
of the useful applications which some of them have 
iXHHjivtiU in domestic economy, and of their produc- 
liou in various natural and artificial processes. These 
cimipDunds have an organic origin, being either 
llamwl under the influence of a vital process, or de- 
rivwil l\\ni\ the decomposition of substances contain- 
iiitj i^aibon and hydrogen, which once formed part 
of all orguulzod body. 

It In eortainly a remarkable fact that bodies diffei- 
iug ftom umili other in appearance so greatly as es- 
buiitial oil of lemons, coal-gas, spirit of turpentine, 
unptlithu or petroleum, bitumen, attar of roses, naph- 
Ihalia, ami onuut^houc, should be composed of the 
bumc two vluuiynts, though united in different pro- 
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it has been shewn tliitt some nl' ttK>w> 
aetsallj possess tho smite ultiiiiiiic vtmi' 
or proportions per cent, of tlui t>Yu i-liimcufct, 
■nqoestioaalrfy diflereiit substiuicc.s. K»»t>if 
Ud oO of iesaoos aud oil of tiir^tuntiiic, for iii^UiiiH', 
m hoth composed of 

Oubaii ssa 

Hjdnigeii 11*8 



The term isom^sm (from laiic, Cfinal, ami inpuvt 
part,) is made ase of to express such a rchitiini in 
composition between diSercnt bodiuH, mid tho bodies 
themselves are said to be isomeric, Whon tho due- 
trine of isomerism was iirst intrwliiceil, It wiw Ui- 
licYed that isomeric bodiea niiiy Imvo not oidy the 
same ultimate composition, but tlie aainc uonHtitiition 
(see page 31), or the same arrangeniont of th(i ult-i* 
mate atoms. But more recent research has beoti un- 
favourable to such a view, and tlic term isomoritmi 
is now very commonly and generully eriiiiloynd Ui 
indicate identity in the composition of two or innrii 
bodies when expressed in one hundred pitrtH, not 
necessarily accompanied by ii similar (irrangnment, 
or number of the ultimate atoms. In tijn exani[tla 
above cited, the proportion per cent, of carbon and 
hydrogen shews the relative proportion of the of|ul- 
valents to be five equivalents of carlnm to four cjui- 
valenta of hydrogen. Now, a closer invcfitigntion of 
the essence of lemons has led to the conclnnion that 
one integrant molecule, or e'luivalent of that essence, 
omtaios tea equivalents of carbon and eight cjuiva- 
of hydrogen ; while the molecule of oil of tar- 
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pentine is believed to contain twenty equivalents of 
carbon and sixteen equivalents of hydrogen. Where 
such difference in constitution exists, the possession 
of the same ultimate composition need not be neces- 
sarily accompanied by the possession of identical pro- 
perties. 

Several gases and vapours among the hydrocarbons 
are found to possess exactly the same composition, 
taking equal weights; but, in equal volumes, the 
amount of carbon and hydrogen in the gases, or 
vapours, is found to be very different, and in miJ- 
tiple proportions. defiant gas, for example, has 
exactly the same composition as a gas obtained by 
the destructive distillation of oil, taking equal weights; 
but in equal bulks there is found exactly twice as 
much matter in the latter as in the former. The 
composition of olefiant gas is expressed by the for- 
mula C^H„ and that of oil-gas by CgHa. As re- 
gards their composition, therefore, these gases differ 
from each other only in their state of condensation. 

The hydrocarbons on which the illuminating power 
of coal-gas depends are light carhuretted hydrogm. 
and ol.efiant gas. 

Light carhuretted hydrogen. — This gas consists, 
in 100 parts by weight, of 75 of carbon and 25 of 
hydrogen, proportions which correspond to one equi- 
valent of carbon and two equivalents of hydrogen. 
Its density is 560'45, compared with air as 1000; 
and in one volume of it are contained two volumes of 
hydrogen gas and one volume of carbon vapour. It is 
colourless, tasteless, quite neutral, and nearly inodo- 
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113. Il is unable to support the respirittioii of iini- 
maU, bat is respirable if mixed with air. If ii burn- 
ing taper is introduced into a jar of the gas, the lianie 
trf the taper is extinguislied ; but the gaa itself takes 
fire when in contact with air, and burus with a yellow 
flame of little intensity. Mixed with a proper propor- 
tion of atmospheric air or oxygen, light carburetted 
liydrogen forms a mixture which explodes violently by 
the contact of flame, or by the electric spark. It re- 
•liiires twice its bulk of oxygen for complete combus- 
tion, and afibrds water and its own bulk of carbonic 
acid. It is a compound of considerable stability; is 
not affected by chlorine gas in the direct rays of the 
sun, if all moisture is absent ; and is only partially 
resolved into its elements when passed through a tube 
heated to whiteness. A small quantity of carbon is 
then deposited within the tube. 

Light carburetted hydrogen is a product of the 
destructive distillation of most organic matters, but 
it cannot be prepared in a state of purity by such 
a process. It is a constant product of the putrefac- 
tive decomposition of vegetable matter under the sur- 
face of water, and may be readily obtained by agitat- 
ing the mud at the bottom of stagnant pools and col- 
liwting the gas as it bubbles up in an inverted bottle 
and funnel. It is hence sometimes termed the in- 
flammable air of marshes, or marsh gas. As thus ob- 
tained, it contains carbonic acid gas, and a small pro- 
jwrtion of nitrogen gas. The former may be re- 
moved by agitating a little solution of potash in the 
gas, but no easy method is known of separating the 
nitrogen. 
t The best mode of preparing pure light carburetted 
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hydrogen artificially is, by (listilling a mixture of 
acetate of potash with an alkali at a red heat, in 
a coated glass or an earthen retort. The gaseous 
mixture which is obtained on passing the vapour of 
alcohol through an ignited porcelain tube consists 
chiefly of this gas. 

Although light carburetted hydrogen is instantly 
kindled by flame if in contact with the air, yet it re- 
quires a higher temperature for its inflammation than 
most other combustible gases. A glass rod, heated to 
dull redness, is sufiiciently hot to ignite hydrogen, 
sulphuretted hydrogen, carbonic oxide, and defiant 
gases ; but requires to be heated to briglit redness or 
whiteness, to set fire to light carburetted hydrogen, 

Olejiant gas. — Like light carburetted hydrogen, 
olefiant gas has not yet been reduced to the solid 
or liquid state. This gas exists ready-formed in na- 
ture, and may be produced artificially by the destruc- 
tive distillation of fatty, oily, and bituminous mat- 
ters, and, in fact, the most part of organic substances. 
It was first recognized as a peculiar body in 1796, 
by the associated Dutch chemists Bondt, Dieraan, 
Van Troostwick, and Lawerenburg, who gave it its 
present name from its property of forming an oily- 
looking compound with chlorine. 

This gas is commonly obtained by heating together 
in a retort a mixture of one part of alcohol with six 
or seven parts, by weight, of oil of vitriol. The re- 
tort should be furnished with a globular receiver, 
from which an exit-tube leads into the pneumatic 
trough where the gas is to be collected. The gas 
which is given ofl" is a mixture of equal volumes of 
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olefiaot gas and sulphurous acid, and contains, be- 
sides, vapours of water, ether and alcohol. It may 
be obtained pui-e by passing it first through milk of 
lime to retain the sulphurous acid, and afterwards 
through oil of vitriol to absorb the vapours. 

Olefiant gas is a little lighter than air, its specific 
gravity being 996*87, compared with air as 1000. It 
is tasteless, but has a peculiar feeble ethereal odour. 
Like light carburetted hydrogen, it cannot support 
respiration or combustion. It inflames at a red heat 
when in contact with the air, and burns with a white 
and remarkably luminous fiame. If mixed with air 
and exploded, the detonation is extremely violent. 
Olefiant gas consists, by weight, in 100 parts, of 

»' Carbon S6-7I 

K Hydiogen ...... 14'2S 

jp lOO'OO 

or, by volume, of two volumes of carbon vapour and 
two volumes of hydrogen gas condensed into one vo- 
lume. Its symbol is C^H,. The peculiar luminosity 
of the flame of this gas, and the force of its explosion 
when mixed with air or oxygen, are clearly accounted 
in its state of condensation. 

Olefiant gas requires three times its volume of oxy- 
'^sa for complete combustion, and produces water and 
two volumes of carbonic acid gas. When exposed to 
a red heat, as by being passed and repassed through a 
porcelain tube, it is decomposed into its elements, 
solid carbon being deposited within the tube, and hy- 
drogen gas liberated, having twice the original volume 
of the olefiant gas. If a mixture of one volume of ole- 
fiant gas with two volumes of chlcH-ine gas contained 

a tall and narrow glass jar is inflamed by contact 
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with a lighted taper, the olefiaot gas is decomposed, 
und combustion takes place in a very striking man- 
ner: a deep red flame gradually descends through the 
mixture, resulting from the combination of the chlo- 
rine with the hydrogen of the oledant gas, by which 
muriatic acid is produced, while the carbon is at the 
same time dcjwsited as a dense black cloud. If de- 
fiant giis and chlorine gas are merely mixed in equal 
volumes in a glass jar over water, the two gases gra- 
dually combine, and condense into an oily-looking li- 
tjiiiil known as oil of olcfiant gas, or Dutch liquid. 
Olcfiimt gas also unites with iodine, and with bro- 
mine. The combination with iodine is a white 
crystalline solid, which may he sublimed without 
d(:com[>osition in an atmosphere of olefiant gas, but 
not in the air. 

The inflammable gas which escapes from fissures in 
tlio efirtli, before referred to (page 38), known as 
JiiT-dauip, is essentially a mixture of light carbu- 
rotted hydrogen, free hydrogen, and olefiant gas, 
diflijring little in properties and composition from 
purified coal-gas. It generally proceeds from sub- 
torraneun deposits of coal, and is found in the work- 
ing of coal-miues pent up in cavities. It seems to be 
given ott" spontaneously from the fresh surface of some 
kinds of coal in small but sensible quantities. When 
the gas accumulates in the gallery of a coal-mine 
where the air is still, so as to form one-seveuth or 
uno-eighth part of the atmosphere, the approach of 
a naked flame instantly causes the mixture to ignite 
with a most tremendous explosion, by which, before 
the introduction of the safety-lamp of Sir Humphrey 
Davy, the life of the coal-miner was placed in the 
most imminent danger. 
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An explosive mixture of fire-damp and air is not 
ignited by iron or charcoal at an incipient red heat, 
although the contact of flame of any kind instantly 
determines its inflammation. On this circnrastance 
depends Hie efficacy of the safety-lamp, which is sim- 
ply a common oU lamp with a chimney of wire gauze, 
so constructed that aU the air which obtains access 
to the flame is obliged to pass through the gauze. 
The cooling power of gauze containing about eight 
hundred apertures in a square inch is sufficient to 
prevent, under ordinary circumstances, the passage 
of flame from the interior to the exterior of the lamp. 
A mixture of fire-damp and air does not explode vio- 
lently when the quantity of air is much above or 
below that required for the complete combustion of 
the gas, which is about seven or eight times its vo- 
lume. If fire-damp consisted only of light carbu- 
retted hydrogen, it should require very nearly ten 
times its volume of air, A mixture of one volume 
of light carburetted hydrogen and four of air does 
not explode, nor does a mixture of one volume of gas 
and fifteen of air; in the latter case the gas hums 
about the flame of the taper, but the large quantity 
of air prevents the temperature of the mixture rising 
ft nfficiently high for ignition. 



Naphthalin and ParanapMhalin. — Light carbu- 
stted hydrogen and defiant gas are the only hydro- 
irbons which are present in considerable quantity in 
^•gas, but the volatile solid and liquid products 
I the distillation of coal also contain several hydro- 
irbons, one of the most important of which is naph- 
This substance is a white crystalline solid, 
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sonietimea found condensed in certain parts of the 
coal-gas apparatus in a tolerably pure state, but is 
most abundantly contained in the tar. It may be 
obtained by subjecting coal-tar to distillation, the 
receiver being changed at different periods of the 
process. The first product which distils over is a 
yellowish oily-looking liquid known as coal-oil, which 
is a mixture of several distinct substances, some of 
which are acids and some bases, but little is known 
respecting their composition. If coal-oil is redistilled 
and the last products received apart, they afford a 
considerable quantity of naphthalin when cooled arti- 
ficially. The naphthalin thus obtained may be purified 
by solution in hot alcohol and recrjstallization. It is 
stated by M. Laurent that this substance is obtained 
more abundantly from old than from recent coal-tar, 
and also that the product is much increased if the 
coal-oil is subjected for some time to a current of 
chlorine gas. 

When pure, naphthalin has the form of transparent, 
colourless and shining plates, possessed of a peculiar 
odour and a burning taste. It fuses at about 176" 
Fahr., boils at 423° Fahr., and may be condensed 
without change. It is insoluble in water, but very 
soluble in alcohol and ether, and is precipitated in 
a crystalline state from its solutions in these liquids 
on the addition of water. Naphthalin is readily in- 
flamed, and burns with a strong light and produc- 
tion of much smoke. It is not decomposed by heat 
into free carbon and hydrogen so readily as most 
other hydrocarbons, and seems, in fact, to be pecu- 
liarly the product of a high temperature; it being 
produced when wood and most vegetable matters are 
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die destructive distilltttion at n bright nnl 
ot m so large a proportion at a loww tem- 

pa»tare. The composition of naplitliiUin is tim Ibl- 
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With the assistance of heat, naphtlialin combines 
with oil of vitriol and with auhyilrous milpliuric uoid, 
forming a fine deep purple-rod liquid. When this 
hquid is diluted with water, a considerable propor- 
tion of the naphthalin is precipitated in an altered 
state, and the aqueous solution contains three peculiiu' 
combinations of naphtlialin (or modillcutiuns of that 
substance) with hyposulphuric acid (SgOj), each of 
which possesses the properties of an acitl. A great 
number of interesting compounds have also boon ob- 
tained by the action of chlorine and nitric noid on 
naphthalin, a short account of which may be fuuud 
in the last edition of the *' Elements of ClieniiHtry " 
of the late Dr. Turner, and in the " Elements of 
Chemistry " of Professor Graham. 

kThe name of paranaphthalin has been applied 
M, Dumas to a bydrocarlron much resetnbling 
naphthalin in appearance, which substance it accom- 
panies in coal-tar. It has the same ultimate compo- 
sition as naphthalin, but its constitution is considered 
to be different, its symbol being C„H,„ instead of 
C„ Hg. Several circumstances serve to distinguish 
"anaphthalin from naphthalin. The I'oruier is in- 
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soluble in hot alcohol; it fuses at 356° Fahr., and 
boils at 572° or higher. If equal weights of para- 
naphthalin and uaphtbalin are converted into vapour 
at the same temperature, it is found that the va- 
pour of paranaphthalin occupies exactly one-third 
less apace than the vapour of naphthalin. The den- 
sity of the vapour of paranaphthalin is 6630 (air 
at tlie same temperature being 3000); the density 
of the vapour of naphthalin is 4420, or exactly one- 
third less. 

Some other hydrocarbons are given off in small 
quantity on the destructive distillation of coal, but 
their composition and properties are not well known. 
They are mostly liquids, and contained in the tar. 
A few ternary combinations of carbon, hydrogen, and 
oxygen, (the last element in small relative propor- 
tion,) are also produced in small quantity, some of 
which are also contained in the tar obtained by the 
destructive distillation of wood. As the remaining 
Becondary products obtained in the making of coal- 
gas are not peculiar to that process, a separate de- 
scription of them here is unnecessary. We proceed, 
therefore, in the next place, to the process itself. 



6 IV. PROCESS OF MAKING COAL-GAS. 

^ t 

By reverting to the introductory observations at 
page 36, it will be observed that a coal-gas appa- 
ratus must be so constructed as not only to generate 
but purify the gas : it must also have the means of 
discliarging the gas steadily into the pipes for dis- 
ti'ibution, in order to ensure an uniform exit from 
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the burners. The principal parts of tlic iippiinitiis 
are ihe retort, hydraulic main, cooler, purifier, iiiul 
gasometer. The design on the following pugu shews 
Uie arrangement of the apparatus when looking at 
the front of the furnace, or the anterior ends of tlio 
retorts: — a is the furnace, with a set of five retorts, 
from each of which a tube proceeds upwardH p{jr- 
pendieularly t-o a height of from ton to twelve feut; 
it then takes a curve downwards, and c.iiferH the 
hydraulic main b. The latter is an iron tube of 
from twelve to fourteen inches in diameter, jihtced 
horizontally; the extremities of the tubes from th«i 
retorts dip about two inches below the surface of 
the liquid in the hydraulic main. From one eTid of 
this tube, a little above the centre, proceeds the 
tube c, into a close cistern rf, in which Uie tar and 
ammoniacal liquor are received and separated, Fnjin 
the top of the opposite end of the hydraulic main 
proceeds the tube e, by which the gas is conducted 
into the cooler /, and having depfjsitcd here a further 
quantity of condensable matter, the gas is puNwed on 
to the lime purifier g, and from thence, commonly, 
to the gasometer A, but sometimes through other 
apparatus, not represented in the annexed figure, 
but which will be described afterwards. The con- 
struction of each of the parts of a coal-gas apparatus 
admits of certain modifications, and requires to be 
considered minutely. 

The tabular view of the products of the diatillation 
of coal in the page following the figure will assist in 
shewing the uses of certain parts of the apparatus. 
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The quality of the gas depentls in no small degree 
on the shape and size of tlie retort. The original 
form was that of a cylinder placed upright (fig. 2), 
large enough to hold ahout fifteen pounds of coal, 
with the exit-tube at top by the side. Such a retort 
Fie 2 Fie 3 '^ ^^^7 readily charged, and the gas 
produced from it is of good quality ; 
but its form is very inconvenient for 
the removal of the coke at the end of 
the process. One of the means de- 
vised in order to remedy tliis defect 
was to have an opening at the bottom of the retort 
(fig. 3) at which the coke might be easily withdrawn, 
the coal being introduced at top, as before ; but the 
trouble of closing both of the apertures at each 
charge was found to be as great as the removal 
of the coke in the original form. A much larger 
retort, of the original form, was afterwards used, 
capable of holding from ten to fifteen hundred- 
weight of coal, from which the coke was easily re- 
moved by an iron basket or grap- 
pler (fig. 4), suspended by chains, and 
put into the retorts before the charge 
of coal At the end of the process, 
the grappler with the coke was re- 
moved by a crane. The great disad- 
vantage of this retort is, that the heat 
ref^uires a considerable time to pene- 
tiat« to the interior of the great mass 
of coal, the cake of coke formed at the side of the 
retort being a very badly conducting medium, and 
gas produced slowly is far inferior in illuminating 
power to that formed quickly, as in the original small 
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retort, for reasons which will afterwards appear. To 
the latter it was found expedient to return, and the 
inconvenience experienced in the removal of the coke 
was lessened by placing the retort in a horizontal 
position ; the coal is usnally introdnced by a common 
square spade, and sometimes by a tray of sheet-iron, 
similar to a grocer's scoop, which ia pushed to the 
end of the retort, inverted so as to turn out the coal, 
and withdrawn. 

The forms of the retort generally used at present 
are shewn in vertical sections, parallel to the door, at 
figs. 5, 6, and 7 ; fig. 5 is called the D or semicir- 
cular retort, fig. 6 the kidney-shaped retort, and 
fig. 7 the elliptical retort. Fig. 5. Fig. 6. fig. 7. 
The greatest breadth of 
each form is about twen- 
ty or twenty-two inches, 
itnd the height in the 

middle from nine to twelve inches. The kidney- 
shaped retort is said to require the least heat, 
and to yield the largest quantity of good gas in 
the shortest time : the circular or cylindi'ical retort 
is seldom employed in well-conducted gas-works, un- 
less its diameter is made less than twelve or fourteen 
inches.* The length of the retort is commonly seven 
teet sis inches. Cast-iron is the only material used 
for gas retorts in this country, but in some parts of 
the Continent baked clay is employed. The ordinary 
duration of a retort charged four times in twenty- 
four hours is three months. 
UThe door of the retort ^ secured by a cross-bar 

'The circolar retort of ten or eleveD inches in diimetcr is preferred 
e Manchester gas-works, where canncl eon! only is employee!. 
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and hold-fsst screw, as shewn in fig. 8, and rendered 
air-tight by a luting, for which purpose the refuse 
lime from the purifier is found very convenient. 
Three, five, or seven retorts are arranged in one fur- 
nace or " bed," according to the extent of the works. 
Each retort has what is called a mouth-piece a, 
fig. 8, projecting from the front of the brickwork, 
from which rises the up- 
*■ ' right tube leading into the 

T ^C^-i hydraulic main. The dia- 
meter of this tube Is three 
or four inches, its height 
to the bend from ten to 
fourteen feet, and the dis- 



4 



3^ 



I tance of the hydraulic 

C i "' g 7 main from the bend from 

three to four feet. The 
bend is commonly made by a plain curve, but some- 
times by a saddle-joint, as in fig. 8. 

As the extremity of each tube from the retorts 
dips under the liquor in the hydraulic main, all direct 
communication between the gas in the latter and that 
in the retort is cut off, so that either of the retorts 
may be emptied and discharged while the others are 
being worked, without interfering with the process. 
The height of the exit-tube above the hydraulic main 
must be sufficient to prevent the liquor being driven 
into the retort by the pressure on the gas in the lime 
purifier^, fig. 1, page 64. 

In extensive gas-works there are from four to sis 
hundred retorts, of which from two to three hundred 
are worked on the average of summer and winter, 
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each retort being charged witii about ii Imndrcd and 
tPMtT poonds of coal every six lioiirs. Thu nttort 
fiinuices are arranged in rows, generally on eacii side 
of the retort-house, the flues from the diftbrcnt fur- 
naces meeting in a central chimney. As coko is the 
fuel generally employed to heat the retorts, littlu or 
DO smoke is given off. In a well-conducted estidilish- 
ment, two men are sufficient for the inaniigiiuicut of 
tiree furnaces of five retorts each ; but, ivs the retortN 
are kept in constant work throughout the tweuty-loiir 
hours, relays of men are required for the niglit-work. 

By the decomposition of the defiant giw and va- 
pours of hydrocarbons at a high temperature (page 
57), the interior of the retorts becomes lined with a 
dense carbonaceous deposit, which, by its imperfect 
conducting power, offers an impediment to tlic trans- 
mission of beat. A patent was obtained in 1837, by 
Mr. Kirkham, engineer, for a mode of removing the 
incrustation by means of a jet of heated atmospheric 
air, which is impelled with force into the interior of 
the retort, maintained at a red heat during the opera- 
tion. The air is conveyed by means of an iron pipe 
with flexible joints proceeding from a blowing ma- 
chine, and bent so as to allow the nozzle, at itii extre- 
mity, to be directed to any point on the surface of the 
interior of the retort. 

The tube which conducts the tar and ammoniacal 
liquor to the cistern d, usually proceeds from the end 
of the hydraulic main, a little above the middle, bo 
as to leave the latter always half full, or nearly so, of 

por. The tar and ammoniacal liquor are not mis- 
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cible; and the former, being the heaviest, is Jbund at 
tlie bottom of tht: cistern, from whence it may be with- 
drawn by the cock i. 

Altliough a very large quantity of tar and ammoni- 
aual ltc|uor is deposited in the hydraulic main, yet the 
gas, in consequence of its high temperature, retains a 
considerable amount of these bodies in the state of 
vapour, which must be removed before it enters the 
lime purifier. To effect their separation, the tempe- 
rature of the gas is reduced by passing it through the 
coolsr or coitdensei' (f, 6g. 1 )• 

Figs, y and 10 represent a convenient and effective 
condenser, which was invented and patented by Mr. 
Pig. il. Fig, 10. 






^ 
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John Perks, in 1817. It consists of a series of four- 
inch tubes, arranged in a rectangular iron chest, 
double-bottomed and open at top. The dimensions of 
the tank for a moderate-sized establishment may be ten 
feet in height, six feet six inches in length, and six 
feet in breadth. The bottoms of the tubes are open, 
and terminate in the plate a, between which and the 
true bottom are placed partitions, to separate the ex- 
tremity b from tlie extremity c, b' from (/, 6" from c", 
&G. ; but these partitions do not quite extend to the 
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trae bottom. The tubes are severally connected at 
top, either by a curved tube or a saddle-joint, so as to 
form, with the partitions at bottom, one continuous 
tnbe. The appearance of the top of the tank is 
shewn in fig. 10. A tank of the above dimensions 
may contain forty-eight upright tubes, each eight feet 
sis inches in length, making, with the bends at top 
and commuuications at bottom, a continuous tube of a 
length of 432 feet. Cold water is poured into the 
cooler by the funnel-tube d, the heated water passing 
off by the pipe e. The tar and ammoniacal liquor 
fall into the space /, from which they are withdrawn 
by the tube ff, and conducted, in some gas-works, into 
the tar-cistern. Sometimes, instead of enclosing the 
tubes in a cistern of water, they are made somewhat 
longer, and cooled by mere exposure to the air. 

The condenser represented in fig. 1, page 64, is of 
a different construction from that just described, and 
not so generally adopted as the latter. This form, 
which was proposed by Mr. Malam, and is reported to 
be satisfactory in its operation, consists of an iron 
rectangular vessel about nine feet long, five feet wide, 
and four feet deep, containing several horizontal par- 
titions or shelves of cast-iron plates, which have edges 
of about three inches in height, for the purpose of 
holding water. These shelves are all fastened to the 
sides and, alternately, to one end of the tank, a space 
of about six inches remaining between tiie other end 
of the shelf and the tank. Water is first poured in 
through an opening at top, and when the first shelf 
is full, the water flows over into the second shelf, and 
so on until all are filled. The excess of water flows 
out by the pipe /. The gas enters the box at v, and 
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passing over successive sheets of water, equal to the 
area of each shelf, becomes thoroughly cooled, and 
passes oat at *. The condensed matters flow out by 
the pipe t. 

From the cooler the gas is next conducted to the 
lime purifier^, fig. 1, where it is freed from carbonic 
acid, sulphuretted hydrogen, hydrocyanic acid (or 
cyanogen), and some ammonia. (See table, page 65.) 

The separation of the sulphuretted hydrogen is the 
most important object in all the purifying operations. 
This gas not only affords no light on combustion, but 
diffuses an intolerable odour if it escapes into the 
atmosphere unburned, is highly poisonous, and pro- 
duces by its combustion sulphurous acid, which, by 
the action of the oxygen of the air and moisture, 
passes into the state of sulphuric acid, or oil of vitriol. 
The complete removal of sulphuretted hydrogen comes, 
therefore, to be a matter of no small importance. The 
only manner of effecting its separation is by the ac- 
tion of some substance for which it has a chemical 
affinity, but which is without action on the pure gas. 
A substance of this kind is lime, which was suggested 
as a purifier by Dr. Henry of Manchester in 1808, 
but was not used generally on the large scale until 
several years afterwards. 

Lime not only absorbs sulphuretted hydrogen, but 
also carbonic acid and a little hydrocyanic acid, 
forming, respectively, sulphuret of calcium (hydro- 
sulphate of lime), carbonate of lime, and cyanide of 
calcium. The principal methods employed to get rid 
of sulphuretted hydrogen, previous to the introduction 
of lime, were, passing the gas through hot iron pipes 



and through a large qnantity of water; but 8uch me- 
thods are quite ineffectual- 
Lime may be applied to the gas in two ways : 1st, 
mixed up with water to about the consistence of thin 
cream (in the " wet-lime purifier ") : and 2ndly, as 
slaked lime slightly moistened with water (in the 
"dry-lime purifier"). The former method is most 

■■iommonly practised. 

*■ The wet-lime purifier represented at g, fig. I, is a 
round cistern, into which the gas is conducted by the 
pipe k; this pipe is greatly expanded at its extremity 
into a cone and flat disc, and the latter is pierced with 
a great number of very small apertures : Hs a rouser 
or agitator, to stir up the lime at the bottom of the 
purifier ; it consists of an upright shaft, with a wooden 
or iron framework at bottom. The shaft of tlie rouser 
passes through a stuffing-box ut the top of the purifier, 
and is turned by wheel and pinion work. In large 
gas-works the rouser is kept in motion by a steam- 
engine, which is also used for lifting coals, pumping 
up water, and other heavy work; but in small gas- 
works the rouser is worked by the hand. The milk of 
lime is made with one part of slaked lime to about 
twenty-five parts of water: it is introduced by the 
tube p, and withdrawn by the opening r, four times in 
twenty-four hours. The height of the liquid above 
the disc is usually about ten inches. In small gas- 
works only one lime purifier is used at a time ; but in 
larger establishments the gas is passed through two, 
and sometimes three purifiers successively. 

1 some of the London gas-works the gas is passed 

1 three or four urifiers at different elevations; 

3 second stands at a hi<iher level than the first, and 
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tbe third iiigher than the secoDd. By tliis arrange- 
meot the lime is made to enter and leave the purifiers 
in an aninterrupted current: the highest purifier, 
which is also the last through which the gas is passed, 
receives the milk of lime from a cistern placed above 
it, and, as the liquid attains a certain height, it is con- 
ducted by a discharge-tube, or waste-pipe, into the 
second purifier on a lower level, from whence the liquid 
is conducted into the first purifier. From the latter 
it is let ofi" by an exit-pipe. As the gas travels in 
the opposite direction to the lirae liquor, it is brought 
gradually into contact with purer lime: in the first 
vessel it meets liquor which has already purified other 
portions of gas in the vessels above ; in the second 
vessel it meets a purer liquor; and, almost purified 
itself, passes from thence into the third vessel, where 
it meets lime fresh from the cistern above. A more 
eflectual method of obtaining the complete absorption 
of the condensable gases could hardly be devised. 

When the gas is arrived at the last purifier, to as- 
certain if all the sulphuretted hydrogen Js absorbed, it 
is tested by carbonate or acetate of lead, which, like 
all other salts of lead, have the property of becoming 
brown or black when put into contact with sulphuret- 
ted hydrogen, the sulphuret of lead beiug formed. 
These tests are commonly applied by allowing a jet of 
the gas to eeca|)e, by opening a stop-cock fixed for 
the purpose to the cover of the purifier, and holding 
against the jet a card smeared with the carbonate 
or moistened with a solution of the acetate or sub- 
acetate of lead. If sulphuretted hydi'ogen remains, to 
the amount of no more than the thirty-thousandth 
part of the bulk of the gas, it may be easily detected 
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by the odoraUoo of the card. It is necessary timt 
the card should be moist in this esperiiiient, as soiim 
salts of kftd thoronghly dry are not affecto.1 by sul- 
pboretted hydrogen gas. if the latter is also portcc.tly 
dry. Another way of applying the lead test is, by 
attaching to the cover of the purifier one etui of a 
bent tube, provided with a stop-cocb, the other end of 
which is made to dip into a vessel oontaiitiiig lui lUjue' 
ous solution of acetate or subacetate of lead. If the 
gas is pure, it is commonly next conducted by the 
pipe m, to the gasometer /i. 

In the process of purifying the gas by slaked 
lime, merely moistened, in the " dry-lime purifier," 
patented by Mr. Eeuben Phillips of Kxcter, the gas 
is introduced at the l>ottom of a rectiiuyulai' iron 
vessel (of the dimensions for five hunJroil lights, oi' 
five feet in length, five feet in breadth, and threc! font 
in depth), and passed upwards through several layers 
of lime, placed on iron gratings or on perfuruttMl 
shelves of cast-iron, about seven or eight inches 
apart. The perforations are tlirec-eightlis of an inch 
in diameter, and three-quarters of an inch distant 
from centre to centre. The gas is conduct<id by a 
pipe from the top of the purifier to the gas-hohler. 
Fresh slaked lime, moistened, but not suificiently to 
be adherent to the hand, is placed on each shelf to 
the depth of three or four inches, and is then wetted 
with about a gallon of water from a watering-pot 
with a rose. The top of tlie tank is moveable, and 
fits into a water-joint, or trough, ten inches deep and 
six inches broad. The shelves are also moveable, no 
that the upper ones may be removed while the lower 

: being charged. This form of purifier is found 
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very convenient in small works, but is too bulky 
when adapted to large establishments. Mr. Malam, 
however, patented, in 1822, an effective purifier for 
the use of extensive gas-works, on the same principle, 
but more complicated. This method is said to require 
nearly twice as much lime as the wet purifier, without 
the purity of the gas being increased ; but it has a 
great advantage in requiring no constant mechanical 
power. In the wet purifier a bushel of lime is suffi- 
cient to purify, on the average, about twelve thousand 
cubic feet of gas. 



The spoiled and foetid lime was formerly allowed 
to run to waste, to the great annoyance of the neigh- 
bourhood ; *it is now preserved and employed as ma- 
nure, and also as a cement to lut« the covers of the 
retorts. The fa3tid liquor which is drained from the 
lime obtained in the wet-lime purifier, is thrown into 
the ash-pits of the furnaces, where it evaporates, its 
vapour passing through the fire and up the chimney. 
By keeping the bars of the furnace cool, the vapour 
tends materially to their preservation. 



I 



The gasometer h, fig. 1, consists essentially of two 
parts: a round cistern, open at top, and filled with 
water; and the gas-holder, which is a cylindrical 
vessel, open at bottom and closed at top, very little 
smaller in diameter than the cistern within which it 
floats. 

The size of the gasometer varies from thirty to 
fifty feet in diameter, according to the extent of the 
works. It is considered that a capacity of thirty 
thousand cubic feet is the largest dimensions which 
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1 be given to a gasometer with advantage, as the 
sheet-iron of which it is formed miist then be in- 
conveniently thick, and very strong internal cross- 
bars would be required to strengthen the hollow cy- 
linder. The cistern, or exterior tank, is commonly 
made of plates of cast^ii'on, but sometimes of ma- 
sonry, made tight with hydraidic mortar. In some 
gas-works the whole cistern is sunk in the ground, 
The gas-holder may be supported within the cistern 
by means of a chain n, connected with rods, which are 
attached to the top of the gas-holder : the chain runs 
over two pulleys, o and o', and bears a counterpoise, 
p, to the gas-holder, which leaves the latter to exert 
only as much pressure as is necessary for the proper 
expulsion of the gas. Large gas-holders are usually 
suspended by three or more points at their circum- 
ference. The tube which conducts the gas from the 
■lone purifier to the gasometer and the tube q, which 
) to distribute the gas to the street-pipes, terminate 
li little above the water in the cistern. 
Nothing can be simpler than the action of this 
lEometer. When the gas is to be collected, the gas- 
holder is sunk deep in the cistern so as to be full 
' water. As the gas is emitted by the tube m, the 
teight p being about equal to that of the gas-holder. 
Hie latter rises, and at length reaches the top ; but, 
\ edge being under water, the gas within has no 
nunication with the external air. To expel the 
the weight of p may be reduced a little, so as 
J increase the pressure of the gas-holder ; the tube 
; open, the gas will be driven out, and the 
B-holder become again filled with water ready to 
leive a fresh supply of gas. There are several gas- 
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ometers in large works, some being filled while others 
are lieing emptied.* 

According to the hydrostatic law, that the weight 
of a body in water is less than its weight in air by 
tlie weight of the water which it displaces, it is ob- 
vious that the weight of the gas-holder decreases as 
it sinks in the cistern, according to the weight of 
the water displaced by the submerged sides of the 
gas-holder. To obviate any inconveniences arising 
from this inequality of pressure, the weight of the 
chain n is so adjusted as to compensate for the loss 
in the weight of the gas-holder by immersion, the 
length of chain which passes the pulley o being 
made equal to one-half of the loss : the other half 
is compensated by the same weight of chain passing 
the other pulley, to add to the weight of the counter- 
poise. But as the coal-gas within is considerably 
lighter than the air without, and, moreover, varies 
in density according to the manner in which it is 
prepared, the exact diminution in the weight of the 
gas-holder is not easily determined by calculation. 

The inconveniences which attend the bulkiness of 
the ordinary gasometer have led to different contriv- 
ances by which a greater bulk of gas may be collected 
over the same area of ground. The most successful 
of these is the telescope gasometer, fig. 11, the gas- 
holder of which consists of two, three, or more cy- 
linders of unequal diameter and concentric. The 

■ At the WcatminBter station of the Chartered Gas Company there 
are do less than twenty-one gasometers, each containitig on the arei^e 
thirty thouaand cubic Feet. 



Fig. 1 
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bottoms and tops of the cylinders 
are provided with flanges curved 
in opposite directions, the flange 
turning inwards and upwards at 
bottom, and outwards and down- 
wards at top. The outermost cy- 
linder is covered at top, but all 
the others are open both at top 
and bottom. Supposing the cy- 
linders to be sunk in the cistern, 
and ready to receive gas, the out- - 
ermost first rises on the admis- 
sion of gas, and, when its bottom reaches nearly to 
the surface of the water, its curved flange catches the 
flange of the next cylinder, which then rises, and in 
like manner lifts the next. It will be perceived that 
the two rims form together a water-lute wliich pre- 
vents the egress of gas and the ingress of air. 

This gasometer is sometimes constructed in such a 
manner that the innermost cylinder (which is then tlic 
covered one) rises first, and the outermost last ; the 
curves are then made in the opposite directions, but 
the principle of the construction is obviously the same- 
The telescope gasometers are usually suspcndeil at 
three points on their circumference, by three chains 
running over pulleys affixed to three pillars. 
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The numerous substances given off from coal when 

it body is subjected to the destructive distillation 

(mentioned in the table at page 65), are not afforded 

in the same relative proportions at the same periods of 

distillation. On the first application of heat to 
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coals in a retort, st«nm comes off, together with the 
air of the retort. As the heat approaches redness, a 
considerable quantity of tar is disengaged, but only 
a small proportion of gas below a red heat; and what 
gas is produced at that temperature possesses very 
feeble illuminating power. When the retort has at^ 
tained a bright red heat, the evolution of gas is at its 
maximum ; but tar is still produced, though in smaller 
quantity than at a lower temperature. At a white 
heat, and after the operation has been carried on for 
two hours, the proportion of tar is very small: that 
of the gas is still large, but decreasing. At length 
the evolution of gas ceases completely, whatever dftpj 
gree of heat is applied. aI 

The difference in the bulk of the gas given off from 
coal at different periods of the process is shewn in the 
following table, by Mr. Pecltston, of the gas obtained 
from a chaldron of Newcastle coal distributed into 
eighteen retorts. The coal was heated to bright red- 
ness immediately. 





Cvi>kfi*t. 


In the firet hour . 


. 2000 


In the Betoiid hour . 


149S 


In the third howF 


. 1387 


In the fourth hour . 


1B79 


In the fifth hour 


. 1189 


In the sixth hour 


991 


In the eevenlh hour 


. 884 


In the eighth hour . 


778 


In eight liouis 


10,0(X) 



I 



The composition and illuminating power of the gaa 
produced at different periods of tlie process vary con- 
siderably. The gas evolved before the retort attains 
a red heat contains a considerable amount of carbonic 
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oxide; hence its feeble illuminating power. That 
produced at a bright red heat contains a lai-ger pro- 
portion of olefiant gas and vapours of hydrocarbons 
than what is formed at any higher or lower tem- 
perature. As the distillation advances, the tem- 
perature being somewhat increased, the proportion 
of illuminating gases decreases considerably, while 
tliat of carbonic oxide and hydrogen increases in 
proportion. The density of the gas also, which is 
to a certain extent proportional to its illuminating 
power, gradually decreases with the duration of the 
process and the increase of the temperature. The 
following tabular view of results of the esaminatiou, 
by Dr. Henry, of the gas evolved from cannel coal at 
different periods of the process, will shew more clearly 
the difference in the composition. 



COMPOSITION OP COAL GAS IN 100 VOLUMES. 



1. 



Olefiaol gas anil vapours ut' bycirucaibuiu 13 12 12 7 

Light uarburiitted hydrogen . . . 82-5 72 58 56 1!0 

Carbonic oxide 3-3 1-9 123 11 10 

Hydrogen gas 8-8 16 21'3 60 

Nittogeogfts 1-3 6-3 1-7 47 10 

100-0 100-0 100-0 100-0 100 

Density of original gas (air bs 1000) . . 650 620 630 MO 345 
Meusures ot oiygen required for combustion 

of lOOmeasmcaofgos. . . 217 194 196 166 78 

Measures of carbonic ncid produced . . 128 106 108 03 30 
igity of gaa remaining after a^tation with 

r rfilorine 575 527 633 iHO 345 



l.Nos. 1, 2, and 3 of the preceding table were pro- 
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diic£d during the first hour of the difltillation, No. 4 
at the commencement of the sixth hour, and No. 5 teu^ 
hours after the commencement. -^m 

Some of the rules for the production of good coal- 
gas may be deduced from the preceding observations. 
In the first place, to reduce the product of tar as 
much as possible, the coal should be rapidly heated 
to bright redness; the retort, in fact, should always 
be at a bright red heat when the coal is introduced ; a 
portion of the tar, which would otherwise distil over 
into the hydraulic main, is thereby converted into ex- 
cellent gas. For the same reason, the coals should not 
be introduced into the retort in large masses. In that 
case, an exterior coating of coke is soon formed, which 
retards, by its non-conducting power, the transmission 
of heat to the interior of the mass. The advantage 
in the use of the D-sbaped, kidney-shaped, and ellip- 
tical retorts, over the circular or cylindrical (page 67), 
is wholly referable to the circumstance, that the coal 
is more rapidly heated in the former than in the lat- 
ter, from the exposure of a greater surface to the heat 
The average quantity of gas obtained from a ton of 
Newcastle coal in the D-shaped, kidney-shaped, or 
elliptical retort, is 9000 cubic feet; in the circular 
retort, the diameter of which is about the same as 
the widest diameter of the other construction, the 
average quantity from the same kind of coal, at the 
same degree of heat, and worked in the same man- 
ner, is 6400 feet. According to the experiments 
of Mr. Peckston, the charge in elliptical, kidney- 
Ibroied, or D-shaped retorts, may be worked off in 
half the time required with circular retorts. Plve 
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of the former, worked with 120 pounds of coal to 
each, daring a four-hours' charge, will produce, in 
twenty-four hours, as much gas as ten cylindrical re- 
torts, worked at eight-iiour charges with 160 pounds 
of coal to each retort every charge. (Peckston, 
Practical Treatise on Qas-ligktinq, p. 126, 3d 
l^rflt.) 
' The form of retort said to be best adapted for the 
^id decomposition of the coal is the " rotary re- 
patented by Mr. Clegg in 1816, but its ex- 
tsiveness has hitherto proved an obstacle to its 
introduction. It consists essentially of a 
1 rectangular iron box, containing fifteen little 
Hes, each charged with about fifty pounds of coal. 
Only a portion of the large box is heated to redness, 
the temperature of the remainder being insufficient 
to cause the decomposition of coal. The small boxes 
remain for four hours in the cooler part of the large 
box, during which time the coal becomes thoroughly 
dried; they are then placed (by five at a time) for 
two hours at the part heated to redness. The gas ob- 
tained from the rotary retort is of excellent quality, 
and a ton of common coals i.s said to afford 1 1 ,400 
cahic feet. Twenty-seven handred-weiglit of coals 
may be worked off in twenty-four hours. 

During the whole process, the temperature of the 
retort should not exceed that of a bright red heat. 
At a higher temperature, the proportion of hydrogen, 
carbonic oxide, and nitrogen gases is greatly increased ; 
while the production of olefiant gas, the chief illumi- 
nating ingredient, almost ceases. This arises from 
the decomposition of the olefiant gas at a high tempe- 
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ratnre into free hydrogea or light carburetted hy- 
drogen and carbon; the latter is deposited in a 
solid state around the sides of the retort in a pe- 
culiar form, known as gas-carbon. The carbonic 
oxide gas (CO or C,0,) is derived from the com- 
bination of carbonic acid gas (COj) with carbon; 
one equivalent of carbonic acid giving rise to two 
eqnivalents of carbonic oxide, by uniting with one 
of carbon. The nitrogen is probably derived im- 
mediately from the decomposition of ammonia into 
its elementary constituents, hydrogen and nitrogen. 
If both the carbonic acid and ammonia had remained 
as such, instead of being converted into carbonic 
oxide, nitrogen, and hydrogen, they might have 
been readily separated in the process of purification ; 
but no efficacious and simple means are known of 
removing the above products of their decomposi- 
tion. Hence the disadvantages of increasing the 
temperature beyond that of bright redness. As ni- 
ti'ogen and carbonic oxide gases are always disengaged 
in abundance at the end, in the ordinary manner of 
conducting the process, if gas of a very superior qua- 
lity is required, the operation should be stopped two 
hours after the commencement. 



But the quality and quantity of the g 
might be supposed, on the quality of the coal, as well 
as on the manner of conducting the distillation. 

The selection of a proper kiad of coal for making 
gas is a subject which seems to deserve more atten- 
tion from the managers of gas-works than it com- 
monly receives. It is probable that in the end there 
would be a considerable saving, even in the London 
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gas-works, by the adoption of richer kinds of coal 
than those commonly employed, as cannel coal, for 
instance, which would generate a more highly carbn- 
retted gas, and give as brilliant a light in smaller 
quantity, without the production of so much heat as 
is developed in the combustion of the highly hydro- 
genated gas derived from the commoner kinds of coal. 
In such case, the price of the gas per meter might 
reasonably he increased. Less laljour and a smaller 
capital, too, are required to work a rich tlian a poor 
coal, as the apparatus for the former need not be on 
so extensive a scale as for the latter. 



The following table shews the quantity of gas ob- 
tained on the large scale from several different kinds 
of coal in elliptical retorts at a bright cherry-red lieat 
by daylight, the charge to each retort being about 
126 pounds of coal. 

„ e f I Cabk Feet uf Gia obtaiiud 

Navies "t Loalt. - « V r r- I 

. I- ^ V. Jivm One fan of Caali. 



Scotch Cennel 


Il,8fi0 


Lanoaabire Coimel 


. IljfWO 


YorkHhire Caimel . 


n,240 


Bewicke «id Crainer's Walkend 


. 10,370 


BiUBell'B Walbend 


l(l,3Wt 


Bewicke's Wallsend 


. 10,131 


TanficldMoor 


10,070 


BeU's Wallsend 


. 9^63 


Forest of Dean (High Delph) 


9,880 


Heaton Main .... 


. fl.740 


Hartley's .... 


9,600 


Cowper'i High Hain . 


. 9,460 


Kniingwonb Main . 


9,393 


Benton Main . . . . 


. »/»« 


Pontopa .... 


9,040 


WiganOraU . . . . 


9/100 


Weu Wallsend 


8,652 


BuHm. Main ■ . . . 


s;mi 
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Nama of Coafi. 
Brown's Wallsciid 
WellJDgton MbId 
Tciiiiik Main 
Hcadswarth . 
Hebbura Seam . 
HuUon Scam . 
Nesham . 
Manor Wallsend 
Forest of Dean (Low Delph) 
Bleyth 

Forest of Dean (Middle Dclph) . 
Eden Main . 
Suffordfihire Coal, first kind 
Primrose Main 
Btaffardatiirc, accond kind 

Do. third kind 

Do. fourth kind 



8,270 
8,180 
8,052 
7,S9fl 

7,786 
7,763 

7,700 



6,S70 

6,474 
6,320 
6,090 

S,840 
6,807 
4,200 



were the fruit of 



The results in the precediug table 
a series of careful and laborious experiments by Mr. 
Peckston, the greater part of which were performed 
on an extensive scale, and all sufficiently large for 
obtaining results of great practical value. (Prac- 
tical Treatise on Gas-lighting.) 

In the process of purification by lime, to which the 
gas is subjected in order to deprive it of sulphu- 
retted hydi'ogen and carbonic acid, the Ulumi- 
nating power of the gas appears to be reduced to 
a considerable extent ; hence the advantage of select- 
ing such kinds of coal as contain least iron pyrites. 
The reduction in illuminating power, where extensive 
purification is required, is shewn in the results of 
some experiments by Dr. Ure, who found, in a spe- 
cimen of coal-gas, as delivered from the retorts of 
one of the metropolitan companies no less than 18 
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per cent, of olefiant gas, or of the vapours of hydro- 
carbons and olefiant gas; but, after having been 
passed through the purifiers, there remained only 1 1 
per cent. Mr. John Davies of Manchester estimates 
that 10 per cent, more of light might he realized 
by making use of a coal nearly free from sulphur, 
in the place of the common coal containing pyrites. 
(Meeting of Brit. Association, 1842.) There is reason 
to believe, however, that this estimate is too high for 
general application. 



M. Penot has called the attention of the managers 
of gas-worts to the great advantage which would 
result by the employment of coal previously deprived 
of its hygrometric moisture by drying. In its ordi- 
nary state, coal, according to M. Penot, contains 10 
per cent, of hygrometric water. When steam comes 
into contact with olefiant gas and the vapours of 
hydrocarbons at a red heat, mutual decomposition 
takes place, with the production of carbonic acid (or 
carbonic oxide) and hydrogen or light carburetted 
hydrogen. The loss of the luminiferous constituents 
of the gas from this cause seems to be very consider- 
able, but may be prevented to a great extent by 
making use of coal previously dried. It is stated 
that the quantity of olefiant gas produced from coal 
containing its ordinary proportion of hygrometric 
moisture, is to that produced from the same coal 
in a dry state as 1 : 1-5. 

I -One JuIogiBtntnc of coal, containing 10 per cent, of water, afforded 
160 litres of gas of good quality, giving e, wliile flame, 
92 litiea of inferior goE, giving a red llamc, 



leaving 633 kilopi amnios of cuke. 
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Onv kilogntnne of ooel, prevjouslj well dried, afforded 
940 litres ol ^ood gm, 
M litres of inferiar gtx, 



l«*irii^; 666 kilogrammes of coke. 

The difference is certainly far greater than might 
havi) been anticipated, but the exactitude of the 
proportions determined by M. Penot has been con- 
lirmod by experiments made on an extensive sc&le 
at the Mulhausen gas-works by a committee ap- 
(KHutt'd by the Soci6ti6 IndustrieUe of Mulhausen. 
M. Fe-not's paper on this subject may be found in 
the Journal Jiir praktischen Chemie, xxiv. 106, and 
the report of the committee in the Bulletin of the 
society. 

The presence of ammonia in coal-gas, after having 
btiou subjected to the ordinary processes of purifica- 
tion, scorns to have escaped notice until lately. A 
ivouitiduiablo ([uantity of the sulphuretted hydrogen 
which wtera the lime purifier is in a state of com- 
biuutiou with ammonia, as hydrosulphate. This sub- 
Httiuou is doctimposed by the lime in the purifier, 
with foruiwtiuii of sulphuret of calcium and evolu- 
thm yl' IVw anmiouia. Carbonate of ammonia also 
^^n tttv liuu) purifier in the state of vapour, and 
U UwwupfcHiwl I'y tho lime in a similar manner, widi 
^tfmllUitioii of curbonate of lime and free ammonia. 
i\ amull (U'OjHirtiou of the ammonia formed by these 
Mouivittt ivuiaiuM diwHolved in the water of the puri- 
livr; hut the ^irwator part comes off as gas, mixed 
wilii coal-gus. This impurity is not very injurious 
Ui Lhu illuuiiuatiu^ puwer of the coal-gas, and, if the 
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gag is kept in the gasometer for a short time, the 
»ater abstracts it almost entirely ; but several pro- 
cesses have been proposed for tlie removal of the 
ammonia before the gas enters the gasometer. 
The process patented by Mr. Phillips of Exeter 
consists in conducting the gas from the Hme puri- 
fier into a tank containing a solution of alum. 
In order to expose a large surface of tiic puri- 
fying liquid to the gas, a quantity of broom is 
immersed in the solution. In the course of a fiiw 
hours the bottom of the purifier becomes covered witli 
a quantity of alumina, produced through the decom- 
position of the alum. The sulphate of alumina con- 
tained in the alum produces, with free ammouia, 
sulphate of ammonia, which remains in solution, and 
alumina, which is precipitated. 

A solution of protosulphate of iron (green vitriol) 
was substituted for alum in the above process with 
a corresponding result, oxide of iron being precipi- 
tated, and sulphate of ammonia formed in the so- 
lution; but green vitriol presents advantages which 
are not possessed by alum. Hydrosulphate of aui- 
monia and hydrocyanic acid, traces of which some- 
times escape the action of the lime in the purifier, arc 
imperfectly absorbed by a solution of alum : the lat- 
ter absorbs only the ammonia of the hydrosulphate; 
the sulphuretted hydrogeu passes on to the gasome- 
ter. But green vitriol absorbs hydrosulphate of am- 
monia as well as free ammonia, producing in the 
former case sulphuret of iron and sulphate of am- 
monia, instead of oxide of iron and sulphate of ammo- 
nia, as happens with free ammonia only. The hydro- 
cyanic acid, or, more properly, hydrocyanate of am- 
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monia, is likewise absorbed by green vitriol, with the 
production of a variety of Prussian blue. 

Mr. Lowe, of the Chartered Gas Company's works, 
proposed to separate the ammonia by passing the gas 
through dilute sulphuric acid, after having passed the 
lime purifier. As concentrated sulphuric acid (oil 
of vitriol) rapidly absorbs the vapours of the oily 
hydrocarbons, and also defiant gas, it cannot be used 
for this purpose ; but, when the dilute acid has been 
so long in use as to be saturated with ammonia, a 
small quantity of oil of vitriol may be introduced 
by a funnel tube, fitted to the purifying vessel for 
that purpose. When it is required to separate the 
ammonia on the small scale, as by the consumer him- 
self, the gas may be exposed to the dilute acid in 
Mr. Lowe's naphthalising box with perforated shelves, 
a description of which may be found in another part 
of the present article. 

Another method of separating the ammonia was 
proposed by M. Blondeau de Carolles, which consists 
in conducting the gas from the lime purifier through 
a vessel containing layers of coke covered with chlo- 
ride of calcium, a substance which rapidly absorbs 
ammonia. 

But neither of these purifying agents is much 
employed at present, as it is found that the ammo- 
nia may be very easily and completely separated by 
merely washing the gas with water. The most ef- 
fectual method of washing the gas is to conduct it 
from the purifier to the bottom of a tank containing 
broom-twigs, water being introduced at the top and 
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' ^Dwed to trickle slowly over tte broom. The or- 
I idinary wet-lime purifier {g, fig. 1) may also be used 
I t<a the same purpose. The solution of ammonia 
Jiiwhich is thus obtained is employed in the manu- 
[ 'fccture of sal-ammoniac and sulphate of ammonia. 



Mr. Mallet has proposed to transmit the gas, as 
it comes from the condenser, through two purifiers, 
containing solutions of green vitriol or solutions of 
sulphate of manganese,* and afterwards through the 
milk of lime. The sulphate of ammonia thus ob- 
tained would not only cover the expense of the green 
vitriol, or sulphate of manganese, but give a clear 
profit. It is said that very little sulphuretted hydro- 
gen remains to be absorbed by the milk of lime, and 
that the gas thus purified does not produce a trace 
of sulphurous acid in its combustion. An incidental 
advantage attending this method is, that much less 
labour is required to keep the lime in a state of 
agitation. In 1841 a patent was granted to Mr. 
CroU, superintendent of the Brick Lane gas-works, 
for the use of a solution of chloride of manganese, 
dilute sulphuric acid, and dilute muriatic acid, for a 
similar purpose ; the gas is afterwards passed through 
the lime purifier. 

Sulphate of lead, which is a bye-product in calico 
print-works, has been proposed by M. Penot as a 
purifying agent in districts where it may be procured 
at a very cheap rate. It absorbs hydrosulphate of 
ammonia completely, the oxide of lead retaining 
sulphuretted hydrogen, and the sulphuric acid am- 

* Sulphate of manganese is obtained as a bye-product in the maiiD&o- 
twe of bleach ing-powdct. 
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monia. In no part of this country, however, can 
sulpliate of lead be procured sufficiently cheap for 
such an application. 



§ V. SECONDARY PRODUCTS OF THE COAL-GAS MANU- 
FACTURE. 

Next to the gas itself, the most important and,] 
valuable of the volatile products of the distUlatitaiJ 
of coal is the ammoniaca! liquor or gas-water. Thi«. J 
liquid and the tar are condensed, for the most part, 
in the hydraulic main b, fig. 1, from whence they are 
conducted into the tar-cistern. A further quantity is 
also separated from the gas in the condenser. The 
tar is found at the bottom of the cistern, the am- 
moniacal liquor floating over it. 

The amraoniacal liquor of the coal-gas works is 
at present the principal source from whence the com- 
mercial demand for sal-ammoniac and carbonate of 
ammonia is supplied. The average price of this 
liquor may be taken at half-a-crown per butt of 108 
gallons. A ton of good coals affords rather more 
than two hundred pounds of ammoniacal liquor. 

This liquid is essentially an aqueous solution of 
hydrosulphate and carbonate of ammonia; but it also 
contains muriate of ammonia, sometimes in consider- 
able quantity,* hydrocyanate of ammonia, acetate of 
ammonia, t gallate of ammonia (Mr. Leigh), and sul- 

L* Four oiinpes of muriate of ammoniii have been obtained from one 
gallon of gia-waler from cannel coal (Mr. Leigh). 
+ Acetalt of ammonia is a constant product, according to Lunpadius. 
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pMte of ammonia. Muriate of ammonia is prepared 
fix>m this source by saturation with muriatic acid, 
when sulphuretted hydrogen, carbonic acid, and a 
little hydrocyanic acid are given oiF, and an equi- 
valent quantity of muriate of ammonia remains in 
solution. By evaporation to dryness and sublimation 
this salt is obtained nearly pure. Sulphate of am- 
monia is prepared in very considerable quantity from 
ammoniacal liquor ; not to he used itself, but to he 
afterwards converted into carbonate of ammonia 
(smelling salts). The sulphate is made either by 
saturating the liquor with sulphuric acid, or by the 
addition of green vitriol, procured by the oxidation 
of iron pyrites. In the latter case, sulphuret and 
carbonate of iron are first formed and precipitated, 
being insoluble compounds. Sulphate of ammonia 
remains in solution, and is obtained by evaporation 
and crystallization. At the Deptford chemical works, 
which is one of the principal manufactories of ara- 
moniacal salts from gas-liquor in this country, there 
is a yearly consumption of between five and six 
hundred thousand gallons of the liquor. A pipe is 
laid from the Deptford gas-worka to the above esta- 
blishment for the pur].)Ose of conveying the liquor. 



ft, Of late years it has been proposed to make the 
■liydrocyanate of ammonia contained in gas-liquor 
available as a source of Prussian blue. The com- 
mon method of preparing that pigment from gas- 
liquor is first to saturate the liquor with muriatic 
Bid, and to add afterwards a solution of green vi- 
triol : hut this method presents no economical ad- 
Ivantages over the ordinary process. 
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The proportion of tar obtained from coal in the' 
process of making gas generally amounts to about 
8 per cent, of the coal. The disagreeable smell of 
this substance is an impediment to its extensive em- 
ployment; but it is used as a paint, to protect wood, 
&c. from injury by moisture. MTien distilled, one 
hundred pounds of tar afford about twenty-sis pounds 
of an oily liquid known as coal-oil; the light pro- 
duct which first distils over is coal-jiaphiiia. A 
black resinous substance, pitch, remains behind, of 
the chemical nature of which little is known : it is 
largely used for paying wooden piles, &c. which are 
to be immersed in water, and the bottoms of ships ; 
but it is not so well adapted for these purposes as 
pitch obtained from wood-tar; it may be procured, 
however, at a cheaper rate than the latter. 

Coal-naphtha is a mLxture of several bodies, some 
of which are neutral, some possess the properties 
of an acid, and others those of a base. The most 
remarkable constituent is naphthalin, the properties 
of which, together with those of paranaphthalin, have 
already been described. Under the names of carbolic 
acid, rosolic acid, brunolic acid, pyrrol, leucol, and 
cyanol, M, Eunge has described some of the com- 
pounds said to be contained in coal-naphtha, but 
some of these bodies were probably products of the 
decomposition of the true ingredients. According to 
M. Dumas, benzin forms an ingredient of this com- 
plicated mixture, and M. Laurent believes a sub- 
stance which he has named the hydrate of phenyle 
to be an essential constituent. 
Coal-naphtha Ls a substance of considerable importr 
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■Bee in 'Ae irts, it being one of the best mid nioRt. 
avuIaUe solvents we possess for caoutchouc. It is 
ilm bamed for the proJuction of light in iv peculiur 
kind of lamp, known as the naphtha-lamp, and is 
employed to impregnate coal-gns with its vapour, 
by which a considerable increase in the illuiuuiating 
power of the gas is obtained. (The means of cfToct- 
ing the impregnation of coal-gas with the vapour 
of naphtha will be afterwards described.) 

Tar may be viewed as an intermediate product 
in the conTcrsion of coal into gas. It is given off 
from the coal at a comparatively lower tempera- 
ture than gas, and is always the first product of 
the decomposition of coal. To reduce the product 
of tar, it was proposed by Mr. Parker of Livci-pool 
to pass the gas, as it issues from the coal retorts, 
through iron tubes heated to bright redness, by 
which the quantity of gas would be greatly increased 
and that of tar diminished; but the defiant gas 
would become converted to light carburetted hydro- 
gen, with deposition of carbon, by long exposure to a 
hright red heat. The illuminating power of the gas 
would thereby be diminished, although the volume 
of the gas would be increased. 

In some gas-works tar is made available hb fuel for 
heating the retorts. About forty gallons are found 
to be sufficient for a ton of cannel coal. 

The coke which remains behind in the letort in 

the process of gas-making is not the least valuable 

of the secondary products. It consists of carbon to 

Llhe amount of from 75 to 95 per cent., the remainder 
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being the fixed suline and earthy matters of the coal. 
The proportion of coke formed generally amounts to 
about two bushels from a hundred-weight of coal, or 60 
per cent, on the original weight of the coal. Coke is 
always considerably ligliter than the coal from which 
it is produced: the bulk of the coke formed from 
those kinds of coal which are used for making gas 
in this country is generally 30 per cent, greater than 
that of the coal. In its physical aspect coke pre- 
sents as many differences as exist ia the varieties of 
coal from which it is produced. Some kinds of coal 
produce an infusible, and others a fusible coke, or 
rather a coke which fuses before it becomes fully car- 
bonized. The coke from the former kinds of coal 
has the same shape as the original masses; but the 
coals which produce a fusible coke swell up consider- 
ably before becoming fully carbonized, the coke re- 
taining the expanded form. Coals which produce an 
infusible coke give, on destructive distillation, more 
w.itcr and less tar than the fusible coals. 

Coke is a reducing agent of great importance in 
certain metallurgtc operations, as it produces by its 
combustion a liiglier temperature than any other fuel, 
bulk for bulk. It is estimated in metallurgic works 
that one part of coke by volume will afford as high 
a temperature as two parts by volume of wood char- 
coal ; by weight, one part of the latter is considered 
equal to from one and a quarter to one and a half 
parts of the former. To produce a given effect, there 
is always consumed more of coke than of wood char- 
coal by weight, especially if a very elevated tempera- 
ture is not required. The reason of this is that coke 
does not burn well, except in large masses and with 



oiL-GAa. 97 

a pofferful cmrent of air, by which some of the heat 
is quickly dissipated. The earthy impurities con- 
tained ia coke are a serious inconvenience in its 
employment in certain operations in metallurgy and 
the assaying of ores, 

§ Tl. OIL-GAS. 

In a few localities, where coal is difficult to pro- 
cure, oil may be advantageously substituted as a 
source of gas. The oil employed for this purpose is 
the ciiidest and cheapest that can be procured ; even 
pilchard dregs and the sediment of whale-oil, quite 
unfit for burning in the ordinary manner, are suffi- 
ciently pure for making gas. But oil is not at 
present used in the manufacture of gas on the large 
scale in any place where coal is accessible at a mo- 
derate price. 

The process of making oil-gas is much more simple 
than that of coal-gas, as the former requires far less 
purification. In one circumstance the two processes 
diflfer essentially. The oil is not introduced in quan- 
tity into the retort and heated for several hours, as 
coal is; in such a case the greater part of the oil 
would distil over without undergoing much altera- 
tion, and that portion only would be converted into 
combustible gas which is in immediate contact with 
the heated sides of the retort. What is required is 
the means of bringing a small quantity of the oil 
rapidly to a high temperature, even a rod heat 
is effectually attained by means of a simple apparatus 
invented by Messrs. J, and P. Taylor in 1815. 



; this ^ 
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The original apparatus consisted merely of a fur- 
nace with a contorted iron tube, containing fragments 
of brick or coke, into which, when red-hot, the oil 
was allowed to di'op. 

When heated in this manner, oil is immediately 
decomposed, gases are given off, accompanied with a 
considerable quantity of vapours of substances which 
are liquid at common temperatures, and a large 
deposit of carbon takes place in the retort tube. 

An improvement has been since effected in the 
apparatus, which consists in conducting the exit-tube 
from the retort into an air-tight cistern or receiver, 
in which the more easily condensed products are col- 
lected in the liquid state and returned to the retort. 
The gas proceeds from a pipe leading from the top 
of the cistern. In the annexed figure, a represents 
the retort, filled with pieces of coke about the size 
of a hen's egg; b is the exit- 
tube, leading into the cistern 
1 1 { ') c, from which the pipe d pro 

r ' n ceeds to the gasometer. The 

_^^^^iJ oil, melted fat, or distilled li- 

^^^^^B fc quid of the cistern is intro- 

duced into the retort by the tube 
e. The coke is changed every 
fortnight or three weeks, as the 
interstices become obstructed 
by the deposit of carbon. 
contains neither nitrogen nor sulphuret- 
contains more carbonic oxide 



Fig. la. 
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ted hydrogen. It 
than coal-gas; but the presence of that gas (which 
has hardly any illuminating power) is more than 
counterbalanced by the large relative proportion of 



olefiant gas, on which the illuminating power of hoth 
oil-gas and coal-gas essentially depends. From tlie 
presence of so much olefiant gas and vapours of 
hydrocarbons which are liquid at common tempera- 
tures, the illuminating power of oil-gas is reckoned at 
three times that of ordinary coal-gas, and twice that 
of the best coal-gas. The specific gravity of good 
oil-gas is 900; but it Taries much, according to the 
temperature at which the gas ig produced. The 
proper heat is that of dull redness; if lower, the gas 
contains too large a proportion of the vapours, which, 
instead of being condensed in the cistern, are con- 
densed gradually in the pipes and gasometer, occa- 
sioning not only a great loss of product, but no small 
inconvenience from the stoppage of the pipes. On 
the other hand, if the heat is above dull redness, the 
bulk of the gas is greater ; but its density and illu- 
minating power are less, the olefiant gas being de- 
composed into carbon and light carburetted hydrogen, 
as before explained. The following table by Dr. Henry 
exhibits the different qualities of gas produced from 
oil at different temperatures. 

COMPOSITION OF OIL-GAS IN 100 VOLUMES. 

No. I. No. 2. No. 3. No. 4. 

Olefiant gas and TapouTB ... 38 S2-5 19 6 

Light carburetted hydrogen . 465 60-3 32'4 28-2 

Carbonic oiiide gas .... 9*5 I5'5 12'2 141 

Hydrogen gas .... 3 7*7 32-4 4.'i'l 

Nitroj^D gas 3 4 4 6'6 



Oil-gas 



Denrity ■ ■ , . . 

Vuluiues otaxjgea required for com- 

bostion of 100 volumeB 
{nbnnes of csrbonic acid produced 
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No. 1, wa3 made from train-oil in the ordinary 
manufacturing process at a dull red heat; No. 2, at 
a higher temperature ; and Nos. 3 and 4, higher still. 

One gallon of whale-oil affords on the average about 
ninety cubic feet of gas of the specific gravity 900. 
A gallon of palm-oil afforded ninety-five feet. 

When oU-gaa is subjected to a pressure of from 
twenty to thirty atmospheres, as in the process for- 
merly conducted on an extensive scale for rendering 
gas portable, about one-fifth of the bulk of the gas 
is condensed into an oily, volatile liquid, having a 
specific gravity of 821; when the pressure is re- 
moved, this liquid does not entirely re-assume the 
vaporous state, and it may be preserved in ordinary 
well-stoppered bottles. Mr. Faraday ascertained the 
condensed liquid to be a mixture of several hydro- 
carbons differing considerably in their degrees of vo- 
latility. The boiling point of one is under the 
freezing point of water, and is therefore gaseous at 
common temperatures. This body has the same com- 
position as olefiant gas in 100 parts, but twice the 
density. The principal constituent is a substance 
now known by the name of benzole, or benzin, which 
was found by Mr. Faraday to consist of carbon and 
hydrogen in the proportion of two equivalents of the 
former to one equivalent of the latter, and was hence 
called bicarburet of hydrogen. It was afterwards 
observed by M. Mitscherlich to be the principal pro- 
duct of the decomposition of crystallized benzoic acid 
when heated to redness in contact with lime. It is 
a limpid colourless liquid having the specific gravity 
850. It freezes at 32" into a white crystalline 
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mass, which melts again at 44" Falir. Its boiliii}? 
point is 186"; and its specific gravity, in the form of 
vapour, at 60" is 2738. Its odour is [leculiar, but 
not disagreeable. It is soluble in ether and alcohol, 
but insoluble in water. It burns with a bright fianie 
and much smoke ; and, like most other of the denser 
hydrocarbons, when passed through a red-hot tube ia 
resolved into carbon and light carburetted hydrogen. 
Its probable formula is C,, Hg. 

Notwithstanding the great illuminating power of 
oil-gas, the abundance of the product compared with 
that from coal, and the simplicity of the process, yet 
the commonest oil is far too expensive in this country 
to rival coal as a source of gas. Several extensive 
oil-gas establishments were erected at different places 
m Great Britain, but all these have gradually becotno 
converted into coal-gas manufactories. Not a slight 
objection to oil-gas is the gradual li(jueraction which 
its most valuable constituents undergo on standing 
with exposure to moderate cold, to tlie great dete- 
rioration of the gas and the clogging of the pipes. 
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§ VII. KE3IK-GAS. 



Resin is another substance which may be advan- 
tageously substituted for coal in the manufacture of 
hght-gas where coal is not readily acceaaible. It 
affords an abundance of gas of excellent quality, 
nearly equal to oil-gas ; but the price of resin com- 
pared with that of pit-coal must ever prevent the 
former from coming into successful competition with 
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the latter in Great Britain. The attempt made, a 
few years ago, to introduce the manufacture ou tlie 
large scale into this country proved a decided failure; 
but in some parts of France resin-gas is, 1 believe, 
manufactured with success. 



The apparatus for making resin-gas is much the 
same as that for oil-gas. In the first attempts to 
obtain gas from resin the oU-gas apparatus was used 
without any modification ; melted resin being caused 
to trickle as oil on the fragments of coke. But the 
exit-tube of the retort, which was carried to a con- 
siderable height to allow the return of some of the 
condensed volatile oil, became clogged by the bitu- 
minous matter which distilled from the resin. Pro- 
fessor Daniell overcame this difficulty by conducting 
the exit-pipe from undei- the retort into a cistern 
or hydraulic main, by which the return of the bi- 
tuminous matter is effectually prevented. The con- 
Fig. 13. struction of the apparatus 
as erected at Bow, near Lon- 
don, under the superintend- 
ence of Professor Daniell, 
for the late Resin Gas Com- 
pany, will be understood with 
the assistance of the annexed 
figure. The retort a is 
charged with fragments of 
coke, and heated to bright 
redness by the furnace un- 
derneath. The exit-tube b 
passes into an air-tight cis- 
tern or hydraulic main c, which is kept cool by a 
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refrigerator, and supplied with water from a cistern 
above. Tlie volatile oil, which condenses in c, is con- 
dncted into another cistern d, by the discharge-pipe 
e. The uncondensed gases and vapours pass up the 
pipe /, and deposit more volatile oil in the cistern i/, 
from which it is conducted into d hj a syphon-tuhe. 
From the cistern g the gas passes by the pipe A into 
the gasometer or other reservoir. 

The large quantity of volatile oil which is collected 
in this process is employed to dissolve the resin, instuad 
of melting the latter alone. The commonest resin of 
commerce is put into the vessel z, and mixed with the 
oil in the proportion of about eight or ten pounds of 
resin to a gallon of oil ; the solution of the resin in 
assisted by the heat of the furnace below. The par- 
tition shewn in the vessel i is a wire-gauze screen, to 
prevent any solid resin or impurity from entering the 
retort. The dissolved resin passes through the stop- 
coct fc, funnel, and syphon-tube, into the retort. 

The distilled oil contains a little acetic acid, formed 
(luring the process, whicii it is necessary to neutralize 
by the addition of lime before the oil is mi.\ed with 
the resin. The quantity of oil produced is a little 
more than what is required for the solution of the 
resin. 

It is stated that a hundred-weight of resin affords, 
in a properly conducted operation, from one thousand 
to twelve hundred cubic feet of gas of the average 
specific gravity 850. The illuminating power of resin- 
gas compared with coal-gas is as two to five ; that is, 
two cubic feet of resin-gas aiTord as much light as 
five cubic feet of coal-gas. At an establishment in 
France the illuminating power of resin-gas compared 
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with coal-gas is estimated as five to oine, one kilo- 
gramme of resin producing 497 litres of gas. The 
distilled oil is almost wholly transformed into gas if 
quickly heated to redness. 

Twf-gas. — A series of experiments was conducted 
at the gas-works at Newry (Ireland), by Mr. Peckston, 
in 1823, in order to ascertain whether gas could be 
obtained from turf; from which he was led to con- 
clude, that, where that substance is abundant, it 
may be advantageously substituted for coals in the 
production of light-gas. According to M. Merle, the 
light of the gas obtained from turf is more brilliant 
than that of coal-gas ( ?). The gas is easily puri- 
fietl, and the charcoal which remains in the retorts 
answers perfectly for domestic purposes ; it gives con- 
siderable heat, and inflames readily. 



5 VIII. MODE OF BOBNING GAS. 

The quantity of light obtained by the combustion 
of gas is greatly influenced by the mode in which it 
is burned. The truth of this statement will appear 
from the consideration of the structure of an ordinary 
flame. 

A solid substance which does not afford a gas when 
heated strongly — a piece of iron or of charcoal, for 
instance, — presents at a red heat the phenomenon of 
ignition, but it never produces flame. All combustible 
bodies, on the contrary, which are either gaseous them- 
selves, or are convertible, partially or entirely, into a 
gas, as hydrogen, sulphur, and phosphorus, always burn 
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with flame. Hence flame might at first lie ru^iinlcil 
as tuminous paseous matter, but we shall immediately 
see that such a definition can only he taken iu a 
very linuted seose. 

It is donbtfol whether pure gaseous matter is, under 
any clrcomstances, capable of becoming luminous. If 
a gas is capable of emitting light when heated, it is 
certainly no more than a sensible glow, although 
the temperature may be sufficiently high to heat a 
metallic wire to whiteness. The air which rises from 
a gas-flame at an Argand jet is hot enougli to heat 
a fine metallic wire to bright redness an iucli or two 
above the highest part of the flame. The flume of 
pure hydrogen gas is so feebly luminous fts to be 
scarcely visible in broad daylight; yet its temperature 
is sufficiently high to heat to whiteness a piece of 
thin platinum wire, or particles of lime thrown into 
the flame. The luminosity of flame, in fact, does 
not depend altogether on its temperature; but on 
the presence of solid matter diffused through the 
flame, and ignited by it, the solid particles acting 
as radiating points. Heuce a luminous flame has been 
justly described by Davy as always containing solid 
matter healed to whiteness. No flame possesses less 
light than that of the oxyhydi'ogen blow-pipe ; but, on 
introducing into it some solid infusible substance, the 
light that is emitted is too intense to be borne by the 
naked eye. The feeble luminosity of the flames of 
hydrogen, sulphur, and carbonic oxide is owing to 
the products of the combustion, — namely, water, sul- 
phurous acid, and carbonic acid, — being gaseous at the 
, temperature of the flame. On the other hand, the 





lOb GAB ILLUMINATIOK. 

flames of phosphorus and of metallic zinc are very 
intense, because the products of the combustion — 
namely, phosphoric acid in the case of the former, 
and oxide of zinc in the case of the latter, — are solid, 
and being diffused through the flame serve as ra- 
diating points for the light and heat. If the lumi- 
nosity of flame depends on the presence of solid mat- 
ter, where then is the source of the solid matter in 
the flame of gas or an ordinary combustible ? 

The combustion of coal-gas — that is, the conversion 
of its hyclrogen into water, and its carbon into car- 
bonic acid, tlirough the combination of these ele- 
ments with the oxygen of the air,^ — «an of course only 
take place where the gas or vapour is in contact with 
the air. In an ordinary flame, such as that of a 
spirit-lamp, tallow-candle, or gas issuing from a plain 
jet, the gaseous matter is in free contact witli the 
air only at the exterior of the flame, where alone 
perfect combustion takes place. In the interior, com- 
bustible gases still unburned exist. That such is the 
structure of the flame may be readily seen by de- 
pressing upon it a sheet of wire-gauze of small mesh 
(through which the flame is unable to pass), so as to 
view the flame in section. The combustion is then 
Fig. 14. seen to be limited to the margin of the 
flame. But if the structure of the flame is 
examined a little more minutely, it is seen 
to consist of four parts, three of which are 
represented in the annexed figure. I", The 
shaded interior represents the unburned 
combustible gas; 2", around this is the 
brilliant part of the flame, or the flame, 
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Strictly so called ; 3", on the very exterior is another 
portion, hardly visible, but wbicli may be perceived 
with attention in the flame of a tallow-candle ; and 
4°, the bine flame at the bottom constitutes another 
distinct portion. 

In the blue part at the bottom, and on the very 
exterior of the flame, perfect combustion of the gas 
takes place, the whole of the carbon and hydrogen 
uniting with the oxygen of the air to form water 
and carbonic iuiid, and without the production, there- 
fore, of solid matter to afford light. But in the lu- 
minous part of the flame, i, the supply of air is in- 
sufficient for complete combustion. The carburetted 
hydrogen gas in this part is decomposed by the heat 
into free carbon and hydrogen, as when passed through 
a red-hot porcelain tube; the hydrogen alone, or 
principally, burns, while the carbon is deposited in 
minute particles, which become heated to whiteness. 
The carbon does not burn entirely until it reaches 
the exterior of the flame. Thus the light of the 
flame of ordinary combustibles depends on the con- 
secutive combustion of the hydrogen and carbon. The 
combustion of the hydrogen and some of the carbon 
serves to produce the requisite heat, and the particles 
of the remaining carbon radiate the light. The hot- 
test part of the flame is just at the top of the lu- 
minous cone, where the combustion is perfect, but the 
air not in sufficient excess to carry away the heat 
quickly, as is the case in the exterior of the flame 
at the side and at the blue part at bottom. The 
heat in the centre of the flame is so low that gun- 
powder may be held there without being ignited ; 
even fulminating silver has been held for some seconds 
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in the interior of a flame without explosion. The 
chemical etfects produced on many substances by the 
exterior and interior parts of the flame are exactly 
opposite. Just within the apex of the luminous cone 
certain metallic oxides are rapidly deprived of their 
oxygen and reduced to the metallic state; but at 
the very summit of the flame, or a little beyond, the 
metals reduced from the same oxides re-absorb oxy- 
gen, reverting to the state of oxide. If a piece of 
clean copper wire is held at the very summit of the 
flame, it rapidly becomes covered with a coating of 
oxide ; but, on depressing the wire into the interior 
of the flame, the oxide is reduced, and the wire again 
becomes bright. 

That the luminosity of the flame of ordinary com- 
bustibles depends on the deposition of solid carbon, 
through the consecutive combustion of the carbon and 
hydrogen, may be proved by some interesting expe- 
riments with coal-gas. If that gas is mixed with an 
equal volume of air before being burned, it deposits 
a smaller proportion of solid carbon, and loses half 
of its illuminating power. On increasing the quantity 
of air the light is still further diminished. If a sheet 
of fine wire-gauze is held close to the orifice of a gas- 
burner, and the gas kindled above it, it will of course 
burn with its ordinary brilliancy : but if the gauze 
is gradually elevated, so as to mix the gas with air 
in difierent proportions before it passes the gauze 
and burns, it will be found that the brilliancy of the 
liamc diminishes with the height of the gauze; that 
iti, with the quantity of air mixed with the gas. At 
a particular elevation the gas burns with a faint blue 
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flame, not more laminons than tliat of sulphur, and 
hardly visible in the direct rays of the son. It is then 
mixed witi the quantity of air necessary for the com- 
plete combustion both of the carbon and hydn^en si- 
maltanconsly. The heat of such a flame is more in- 
tense than from the same quantity of gas burned in the 
ordinary manner, because the combustion tates place 
within a smdler compass in the former than in the 
latter. The intensity of the heat is seen by projects 
ing into it solid particles of some fixed matter, as 
oxide of zinc, which instantiy become heated to white- 



The conditions requisite to obtain the fill! amount 
of light from a flame may be deduced from tlie con- 
sideration of the preceding facts. In the first place, 
the carbon and hydrogen must be burned com- 
pletely, though not at the same place. When the 
combustion of the carbon is incomplete, the flame is 
smoty, and a large proportion of light is lost. As 
this arises from the gas being in too large a propor- 
tion compared with the air, the remedy is obviously 
either the reduction of the amount of gas, or the in- 
crease of that of the air. 

The great object of almost all improvements in 
the form of gas-burners and chimneys is to afford 
the means of increasing and regulating the amount 
of air brought into contact with the surface of the 
flame, so that the intensity of the combustion may be 
increased, without any derangement of the order of 
the combustion. From a plain jet, the diameter of 
the orifice of which is a quarter of an inch, a flame 
higher than two inches and a half cannot be obtained 
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without smoke; but the same amount of gas which 
would give a smoky flame from a plain jet may be 
made to burn with a clear and brilliant flame by 
extending or dividing the aperture of the jet, so as 
to give the flame a larger surface in contact with 
the air. The entire superficies of the aperture need 
not be enlarged ; it may, on the contrary, be di- 
nunished. In the place of a single aperture, the 
gas may issue, for example, from two holes drilled 
Fig. 15. obliquely to make a cross flame, or 
from three holes, as fig. 15, which gives 
a flame called the "cockspur." More 
light is obtained hy such a jet than by 
the single aperture ; but the intermix- 
ture of air with the gas at the lateral 
jets prevents the deposition there of 
the proper proportion of carbon, so that the full 
amount of light is not obtained. It is to be ob- 
served that the supply of air ia required merely at 
the surface of the flame, and in no larger quantity 
there than is requisite to maintain a proper com- 
bustion. 

When the same burner has seve- 
ral apertures, the light is improved 
by making them so near to each 
other that all the jets of gas shall 
unite laterally into one, as in fig. 16, 
which represents a semi-circular jet 
of several holes, the flame from which is called the 
" union jet " or " fan ; " or as fig. 17, the aperture for 
which is a slit across the top of the beak; the latter 
gives a sheet of flame called the " bat-wing." Of 
burners of this kind, that which seems to afford most 
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light by the consumption of the Fig. jt. 

same quantity of gas, is the "fish- f~~~^'~^ ~ ^-^ ~^, 
tail " or " swallow-tail " burner. V / 

In this the gas issues froui a single \^||jd|M|^^>^ 
small round hole in the centre of ^^^^ 

the top of the burner, but the ' I 

single jet which is emitted is 
formed by the union of two oblique jets within the 
burner immediately before the gas is emitted. The 
result is a perpendicular sheet of flame, much the 
same in appearance as the "bat-wing" (fig. 17), but 
presenting somewhat more light at the bottom, on ac- 
count of the smaller intermixture of common air with 
the gas at that part of the flame. The " fish-tail " 
hurner and "bat-wing" are much more extensively 
used than the " fan," " cockspur," or any other of 
this description. 

Another method of increasing the proportion of 
air is hy the burner known as the Ai-gand, which 
allows the passage of a current of air through the 
centre of the flame, as in the Argand oil-lamp. 
This burner consists of a circle of small holes of 
equal size, the centre of the circle being open to 
admit an upward current of air. The view of this 
burner, from above, is shewn in Fig. is. Fig. 19. 
6g. 18, and in perpendicular sec- 
tion in fig. 19, The internal cur- ^jr~ 
rent of air thus supplied to the ^-, )'-]'- 
flame causes more combustion in 
the same time than with the plain 
jet, and therefore a higher temperature, but a suffi- 
cient quantity of solid carbon is still deposited to 
radiate the light. The same amount of gas, which, 
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proceeding from a plain jet, would give a very tall, 
smoky, and dull flame, would give a much shorter 
and more luminous flame from an Argand burner, 
without any production of smoke. The increase of 
light is far greater, if, In the place of air, pure oxy- 
gen gas is passed up the internal opening, as in the 
original * Bude light of Mr. Goldsworthy Gurney. 
The intensity of the combustion on the surface of 
the flame is greatly increased by the oxygen, but 
the consecutive order of the combustion is by no 
means disturbed. 

For the same consumption of gas, the flame from 
an Argand burner of ordinary construction does not 
afford 90 much light as the flat flames from the " fish- 
tail " and " bat-wing " burners. The reason of this 
is obvious: as himinous flame is opaque, each side 
of the interior surface of an Argand flame diffuses 
light into an apartment only above or below the 
flame on the opposite side. K the diameter of the 
circle of the burner docs not exceed an inch (which 
may he taken as the average size), only a trifling 
amount of light is obtained from tlie interior surface 
of the flame. 

When a great deal of light is required, the most 
economical burner seems to be a large circle of " fish- 
tail" burners, with as little metal-work at bottom as 
possible, in order to allow the radiation of light from 
tlie interior surfaces underneath the opposite sides. 
The light from such a burner may be greatly increased 
by adjusting to the top of the flame a horizontal 

* The liglit now known as the Bude light is nothing more than nn 
orJinary gas-flame from two, three, or more large concentric Argand 
burnere, with chimneys and rcfl col ing apparatus of particular ci 



MODE OF BURNING CAS. 113 

reflector formed of a circular piece of metal with a 
rouDd opening in the centre, over which a short glass 
chimney should be placed. The lateral union of the 
" fish-tail " jets should be avoided, as smoke is thereby 
produced ; and if a profuse light is i-equircd, other jets 
may be placed behind the intervening spaces, so as 
to form a double circle. A burner of this construc- 
tion was first introduced, I believe, by the Liverpool 
New Gas and Coke Company, and named the " solar 



When a considerable quantity of gas is burned to- 
gether in one fiame without smoke, the inci'euso of 
light is much greater than the increase in thi; amount 
of gas consumed; hence, when a great deal of light 
is required, there is always a saving in burning a 
considerable quantity of gas together. An Argand 
burner supplied with 

Cubic feet of gas per hour, 

1 j gave light equal to 1 cnndle, 

2 „ 4 candles, 

3 „ 10 candles. 

To obtain the full amoimt of light from any burner, 
the flame should always be made as lai'ge as possible 
- without smoking. 

^ The construction of the chimney may have a marked 
influence on the proportion of air brought into con- 
tact with the surface of the flame. A very wide, 
short, and cylindrical chimney hardly increases or 
diminishes the proportion of air j it is advantsvgeous, 
however, in causing a more steady flame. But the 
draught of air is greatly increased if the chimney 
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Kf.M. Fig.ii. Fi«. ij. is tall and narrow, or con- 
tracted towards the top, as 
figs. 20, 21; or if it have 
a sudden contraction near 
the bottom, as in fig. 22. 
A short chimney with a 
slight contraction gives the 
Same a much better light than a wide chimney does, 
but the gas (or oil) is consumed faster in just the 
same proportion. Such a chimney is advantageous 
where a very strong light is required with a profusion 
of gas, especially if the gas is unusually rich in car- 
bon, as recently prepared oil-gas. A tangential cur- 
rent of air is produced by the contraction, which 
sweeps the outer surface of the flame. The same 
effect is produced at the bottom of the flame by what 
is called the " double cone gas-burner," which is an 
Argand burner rising through a double brass cone 
terminating close to the top of the burner. The air 
rises between the two cones and impinges on the 
flame in a tangential current. 

Such are the means of increasing the proportion of 
air brought into contact with the surface of a flame, 
without diminishing the quantity of gas. But the 
inconveniences which arise from too much gas, or too 
little air, are not greater than those which proceed, 
on the other hand, from too great a supply of air. 
With a very great draught two evils are likely to 
result: 1", the intermixture of air with the interior 
of the flame, which always happens in such a case 
to a greater or less extent, produces a more complete 
combustion of the carbon than is proper; and 2", a 
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rapid current of air in larger quantities than is ne- 
cessary for the combustion of the gas, caiTies away 
the heat, and thus prevents the flame from attaining 
its maximum temperature. If a gas-flame from a 
large Argand burner of several holes be depressed 
(by turning the stop-cock of the jet) until the yellow 
flame disappears, the flame which remains is blue, and 
so feebly luminous as to be hardly visible in broad 
day-light. But the same or a smaller quantity of gas, 
when made to pass through three or four holes, as 
by shutting off the remainder of the holes with a 
flat glass plate, will give a far more luminous flame. 
In the first case, the proportion of air is so large as 
to cause complete combustion of the carbon and hy- 
drogen at the same time, but not so in the latter 
case. When a jet of gas issues from a small ori- 
fice with great velocity, it becomes mixed by ex- 
pansion with atmospheric air, and the deposit of 
carbon is consequently deficient. A great loss of 
light is also experienced with a very tall chimney, on 
account of the rapidity and completeness of the com- 
bustion through the unnecessary draught. 



Of late years gas has come into very general use in 
the chemical laboratory as a source of heat. The 
most convenient mode of applying it for this purpose 
is in the form of the inflammable mixture with air. 
The mixture affords a very intense heat, because a 
considerable quantity of gas is consumed within a 
small compass, and it has the advantage of giving a 
flame without smote. The apparatus represented in 
figure 23 is found advantageous for this purpose. 
IJhe mixture of gas and air is made in the chimney ; 
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a piece of wire-gauze is fastened over the top, above 
which the inflammable mixture is ignited: a is a 
copper chimney supported by the ring of a retort- 
stand having a ridge or pegs for that purpose on the 
outside; the bottom is open to admit air: A is a 
plain gas jet, the extremity of which is near the bot- 
tom of the chimney; the crucible or capsule to be 
ignited is supported over the flame on a triangular 
piece of iron wire, placed on another ring of the re- 
tort-stand: c is a second chimney or jacket to be 
placed over the crucible to create a constant and 
equal draught. The proportion of gas and air is re- 
gulated by the stop-cock d, and by raising or de- 
pressing the chimney over the extremity of the gas 
jet. The flame should not burn yellow, but with a 
clear blue colour, and ought not to produce any de- 
posit of carbon on a body held in it. A little ex- 
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Iperience will shew what kind of flame produces the 
most inteose heat. 

Another excellent mode of obtaining heat through 
the combustion of gas is by adapting to an ordinary 
Argand burner a chimney with a contraction, similar 
to fig. 22, made by simply fastening a circular disc 
of copper with a round hole in the centre into a 
common cylindrical copper chimney. It is said that 
the temperature is further increased by punching out 
a circle of small holes in the disc, as in the top of 
an Argand burner. 



The attention of the public has been lately drawn, 
by Mr, Faraday, to the necessity of paying more 
than ordinary attention to the proper ventilation of 
gas-lights. The importance of this subject will be 
readily admitted when it is considered that one part 
by weight of well-made coal-gas produces in combus- 
tion nearly two and a half parts by weight of carbonic 
acid gas. If attempted to be breathed in a state 
of moderate dilution with air,* that gas soon proves 
fatal; and causes asphyxia, even if largely diluted. 
Though the atmosphere of a chamber would hardly ac- 
quire from gas-lights the quantity necessary to produce 
such effects, yet the continued respiration, for several 
hours, of air containing not more than one or two 
per cent, of carbonic acid, is known to have produced 
alarming effects. But carbonic acid gas is not the 
only deleterious product of the combustion of coal- 
gas. Unfortunately, none of the ordinary operations 

* If pure carbonic acid is attempted to be inspired, a violent apoBm 
glottis takes place, which preveals the gas bma entering the 
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of purification will withdraw the whole of the bl- 
sulphuret of carbon which is contained in coal-gas, 
from whatever kind of coal the gas may be made. 
Bisulphuret of carbon, composed, as its name im- 
plies, of carhon and sulphur, is a liquid at common 
temperatures, but so very volatile that it is retained 
in the state of vapour by the gas, though exposed to 
a very low temperature. In the combustion of gas 
containing this vapour, the sulphur becomes sulphur- 
ous acid, which, by the action of moisture and the 
oxygen in the air, passes into the state of sulphuric 
acid, or oil of vitriol. This corrosive liquid attaches 
itself to the walls and furniture of the apartment, 
and, being very fixed, does not dissipate by evapo- 
ration and ventilation. The destruction of the bind- 
ings of the books in the library of the AthenKuni 
Club was partly attributed by Mr. Faraday to the 
action of sulphuric acid thus formed and condensed 
on the backs of the books. The water collected in 
a receiver from the combustion of gas at the Athe- 
na3um gave abundant evidence of the presence of 
sulphuric acid when tested by chloride of barium.* 

The common mode of carrying away these delete- 
rious vapours, where any means at all are had re- 
course to, is by suspending at a little height above 
the chimney of the lamp a bell-shaped vessel, con- 
nected at its top with a narrow tube, leading out of 
the apartment. The diameter of the bottom of the 
bell-vessel is usually much greater than the diameter 
of the chimney of the lamp. The ventilation, or the 
ascent of the hot air from the lamp through the 

* Lecture at the Boyd Institmion, April 7, 1843, 
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bell-shaped vessel and tube, takes place with a ra- 
pidity corresponding to the difference between the 
density of the hot air within and the external cold 
air. As the difference in density depends on the 
difference in temperature, to have a vigorous draught 
in the tube it is necessary to keep up the tempera- 
ture of the latter as high as possible. But the ex- 
tent of surface presented by the bell-vessel allows so 
much of the heat to escape by radiation, that some- 
times the temperature of the tube is scarcely raised 
above that of the surrounding atmosphere, in which 
case ventilation hardly takes place at all. This in- 
convenience may be surmounted (as shewn by Mr. 
Faraday) by dispensing with the bell-vessel altogether, 
and conducting a copper tube, of about the same 
diameter as the flame, from the summit of the flame 
to the exterior of the apartment. Thus placed, the 
copper tube necessarily becomes more strongly heated 
than the bell-vessel in the common mode of venti- 
lation; a rapid current is established; and not only 
are all the products of the combustion of the gas 
carried away, but even the external air itself may 
be sucked in at the top of the chimney. If any ob- 
jection can be raised to this mode of ventilation, it 
consists in the rather unsightly appearance of tlie 
tube so near the flame. 

A very elegant lamp was devised by Mr. Faraday 
(and patented by his brother), in which the ventilating 
current is made to descend between two concentric 
glass chimneys of unequal height, the interior being 
the lowest, and to pass from the bottom through a 
tube, which is afterwards bent upwards. The burner 
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IB an Argand, supplied with air iu the ordinary man- 
ner; the tube to conduct away the gases, or venti- 
lating pipe, terminates in a box at the bottom of 
the lamp, formed of two concentric cylinders, the 
space between which is closed at bottom, but open 
at top, in order to communicate with the space be- 
tween the two chimneys ; the Argand burner, with 
the air necessary to feed it, rises through the interior 
cylinder of the box at the bottom of the lamp. The 
exterior chimney, which is the highest, is covered 
with a pliite of mica. 

The descending current ia determined, in the first 
place, by applying heat for some time to the bend 
of the ventilating tube where it begins to ascend; 
when fully established, the gas is lighted, and the 
exterior chimney covered with a plate of mica. The 
gases from the flame then pass from the top of the in- 
terior chimney, downwards through the space between 
that and the exterior chimney, into the box in which 
terminates the ventilating pipe to convey the gases 
without the apartment. A globe of ground glass now 
placed over the lamp gives it a very elegant appear- 
ance. It is said that a greater amount of light is 
obtained with such a lamp from the same quantity 
of gas, and certainly a larger flame is afibrded with- 
out opening tlie stop-cock further; but it seems pro- 
bable that the force of the draught sucks up a little 
more gas than would otherwise be emitted. Parti- 
cular attention must always be paid in this lamp to 
determine the downward current fairly, by applying 
heat to the bend of the ventilating tube before the 
gas is lighted. The neglect of this is sure to be 
attended with the destruction of some of the glass 
parts of tlie apparatus. 
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§ a. ECOMOHT OF GAS ILLCHINAIION. 

From the statemeuts contained in ttic preceding 
section, it is evident that the amount of light ob- 
tained from the comhustioii of gas, and hence the 
relative economy of gas-light, depends in no incon- 
siderable degree on the manner in which the com- 
bustion is effected ; and, as the cost of the production 
of gas entirely depends on the fiicility of procuring 
coal, and of disposing of tlie bju proiliicts of the nm- 
nufacture, which must vary more or less in every 
locality, it is impossible to make an estimate of the 
advantage of gas illumination in an economical point 
of view of general application. The following con- 
siderations on this subject have especial reference to 
the London gas-works. 

The average cost of a ton of Newcastle coal, de- 
livered at the works in London, nmy be ttiken iit 
seventeen shillings, and the value of tlio products from 
the same quantity of coals, as follows : 



I 



8,S00cnbicfeet of goB at 9j. per lOOOcubiu ItKt 3 1(1 
36 busbeU of coke . . . . U lij 

12 imperial gaUona of ammoniaciil liquor . '.i\ 
190 pounds of tar . . . ,040 



(4 18 Bj 
According to this estimate there is yielded for 
every ton of coals about 3/. 15j.9rf.,to be placed against 
the current expenses of tlie manufacture and the ca- 
pital. The fuel employed to beat the retorts in Lon- 
don is coke, of which there is required a little more 
than one-third of the amount produced;* therefore 

of coals requires about thirteen busheb uf cuke (ht-np 
re). 
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four shillings and threepence may be deducted from 
the above estimate for fuel. About two-thirds of a 
bushel of lime, which costs, say ninepence, is re- 
quired to purify the gus from a ton of coals. Where 
alum, green vitriol, sulplate of manganese, or sulphuric 
acid is employed to separate ammonia, the value of 
the ammoniacal salt formed is a little more than the 
original cost of the material. After making the above 
deductions, there remains 3/. 10s. 9rf. per ton to be 
placed against the wages of workmen, salaries of ma- 
nagers, clerks, and collectors, repairs, and interest of 
capital. 

Such is an outline of the advantages of this ma- 
nufacture to the producers, where the annual con- 
sumption of gas amounts to three thousand millions 
of cubic feet, and where more than thirty thousand 
street lamps are supplied at an average price of four 
pounds per lamp per annum. In small establish- 
ments the profits are considerably less. It appears 
that, in most localities in the South of England, where 
about one hundred lights are required, a coal-gas 
apparatus may be found profitable; but the recent 
improvements in the construction of oil-lamps render 
it doubtful whether a gas apparatus would be ad- 
vantageous for less than a hundred lights. 

With reference to the economy of gas illumination 
to the consumer, Mr. Peckstone oflers the following 
considerations (Practical Treatise on Gas-lighting, 3rd 
edit. p. 27). An imperial gallon of sperm-oil burned 
in an Argand lamp, which yields light equal to five 
candles, will burn about 100 hours, or give an amount 
of light equal to 500 candles burning one hour each ; 
the expense per hour, when sperm-oil is nine shillings 
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per galloD, will be a little more than a penny for 
such a lamp; but when whale or seal oil, at three 
shillings, or three shillings and sixpence per gallon, 
is substituted for sperm-oil, and the solar lamp used, 
which furnishes light equal to 4| mould candles of 
six to the pound, an imperial gallon will burn about 
90 hours, and give a total amount of light equal to 
427-^ candles, each burning one hour. The solar 
lamp with whale or seed oil costs something less than 
a halfpenny per hour. It is generally admitted that 
an Argand burner of fifteen holes" consumes about 
five cubic feet of gas per hour, and yields light equal 
to twelve mould candles of six to the pound. 

Taking as a standard the amount of light which 
would be produced by a certain number of wax cau- 
dles of six to tlie pound, the relative cost of that 
amount of light from other sources is the following : 



Wax candles ..... 

Spenn-oil burned in Argand lumps 

Il]-EnulTcd tallow cundlea .... 

Tallow candles (mould) six to the pound 

Whale or seed oil humed in the " overflowing ahor- 

dowless lamp," or the " solar lamp " 
Coal-gas , , . . . 



Or, if the cost of wax candles is estimated at one 
shilling, the cost of the other sources of equal light 

will be as follows : 



lll-snuffcd tallow candles 
Tallow eaodlcH 
Whale or seed oil 
Coal-gas 
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The following table, shewing tbe relative intensity 
and coat of light obtained from different sources, 
was constructed by Mr. Eutter, engineer to the Old 
Brighton Gas Company. The cost of gas is estimated 
at ten shillings per 1000 cubic feet, and the numbers in 
the third column represent the number of cubic feet 
of gas which afford as much light as the quantities of 
the materials mentioned in the first column. 











1. 

Source of ligbt. 


2. 
Com. 


3. 

Cubic fwt 
of go.. 


Cortof 


1 tb lallow candles (mouldG) 

1 ft compiffiition camlltB 


t. d. 

8 

1 
S 6 
3 6 
9 


SI 
25 

aa 

175 

217 


•. d. 
Si 
3 

3 

1 9 
fi 2 


1 gal. whak (Bolar) oil 





The table in the following page is a copy of a 
paper laid before a Committee of the House of Com- 
mons by Mr. Hedley, of the Alliance Gas Works, 
Dublin, shewing the relative economy of the gas ma- 
nufactured at different places in this kingdom, com- 
pared with candles. The price of one hundred pounds 
of the candles referred to is 3/. 2s. 6(f., and that quan- 
tity is estimated to burn, one at a time, for five thou- 
sand seven hundred hours. 
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Concerning the reliitivc economy of coal-gas and 
oil-gas as sources of light, no estimate can be offered 
of constant application, as the price of oils, from the 
precarious nature of the sources from which they are 
obtained, is subject to considerable fluctuation. If 
the relative cost of light from coal-gas and oil-gas 
is estimated as one for the former, to five or six for 
the latter, the cost for oil-gas iS probably under the 
truth. But the illuminating power of oil-gas is far 
greater than that of coal-gas, taking bulk for bulk. 
Recently prepared oil-gas has occasionally more than 
three times as much illuminating power as coal-gas; 
the average is about the proportion of 1 of coal-gas 
to 2-6 or 2*7 of oil-gas. The following table by Drs. 
Christison and Turner shews the relative illuminating 
powers of these gases at different densities: 

Proportion of tight 




Of oil-gas of the specific gravity of 900, an Argand 
burner giving a light equal to seven mould candles 
consumes a cubic foot and a half per hour. 

§ X. MODES OF ESTIMATING THE ILLUMINATING POWEE 
AND PURITY OP LIGHT-GA8. 

The only method of strict accuracy by which the 
value of an illuminating gas may be determined is 
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by a complete chemical analysis; but this is an ope- 
ration of extreme delicacy, requiring far more adroit- 
ness in minute manipulation than is possessed by the 
generality of gas engineers. Kesults, however, of suf- 
ficient accuracy for all ordinary purposes may be 
readily obtained by methods much more easily exe- 
cuted, namely, 1", by a photometrical experiment; 
2°, by determining the specific gravity of the gas ; and, 
3°, by determining the quantity of oxygen required 
for the complete combustion of the gas, with the 
amount of carbonic acid produced. The first of these 
methods is the simplest; and the results it affords, 
when performed with care, are equal in value to those 
got by the two other methods, 

The photometrical processes which I shall briefly 
describe are founded upon principles of extreme sim- 
plicity. Though the eye is iinable to judge with 
precision of the relative intensity of two lights, yet 
it can determine with considerable accuracy when 
contiguous shadows of an opaque object thrown upon 
a screen by different lights are equally dark, or when 
two similar adjoining surfaces are equally illumined, 
provided the lights are of the same tint. If the two 
lights which produce these effects are equal in in- 
tensity, obviously their distance from the screen must 
also be equal ; but if unequal, the most intense light 
is placed farthest from the screen. Now, as rays of 
light are propagated continually in straight diver- 
gent lines, their intensity diminishes in the direct 
proportion of the square of their distance from their 
source. Taking as a standard, the amount of light 
on a screen derived from a flame at the distance of 
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one loot, then at two feet tbe light on the screen 
from the aame source would be one-fourth, at three 
feet one-ninth, and at four feet one-sixteenth of the 
standard. Therefore, if two or more sources of light 
are so placed as to cast an equal light on the screen, 
their relative intensities are directly as the square 
of their distances from the screen. The ohjection to 
this mode is, that it does not readily admit of a fixed 
standard of comparison. 

The method of contrasting the shadow of an opaque 
object formed by different lights was first employed 
by Lambert {Photometriaf 1760), but is commonly 
attributed to Count Rumford, by whom it was pro- 
(xised in the Phil. Trans., vol. Ixxxiv, The appa- 
ratus required is extremely simple, consisting merely 
of a smooth perpendicular surface of uniform co- 
lour, and a rod for throwing the shadow. The 
two lights which are to be compared are so placed, 
that, when the rod is interposed between them and 
the screen, the two shadows may be contiguous ; and, 
so long as the shadows are of unequal depth, one of 
the lights must be advanced towards, or retired from, 
the 8oreen, until au equality in depth is procured. 
Suppose a wax candle at the distance of two feet, 
and a gas jet at the distance of two feet six inches, 
t^» prvnluee equal shadows, then, according to the above 
ruU', tlie relative intensity of the lights is as 4 to 
6'W, or as I to 1-6625. 

Similar in principle is the elegant little instrument 
TOiwtniotod for the same purpose by the late Dr. 
Kitchic, by which a very correct estimate may be 
Hindu of the relntivc brightness of two lights, provided 
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tiiey are of the same tint. *''e- ^•^■ 

The apparatus, which is 
ahewn in section length- 
rays in figure 24, consists 
of a rectangular box about 

two inches square, open at both ends, and blackened 
upon its inner surface to absorb extraneous light. On 
the top of the box is a narrow slit about one incli 
long, and one-eighth of an inch broad, covered with 
tissue or oiled paper. Within are placed two rect- 
angular plates, a, 6, of plane looking-glass, cut from 
the same piece to ensure uniformity in reflecting 
power. Their width is the same as that of the box, 
and their length may be equal to the hypothenuse of 
a right-angled isosceles triangle, whose side is the 
height of the box, or a little less, as in the above 
fignre. The plates are fastened together so as to 
meet at the top in the middle of the slit (or in the 
line of that perpendicular), their reflecting surfaces 
being towards the open ends of the box. In using 
this instrument, it is placed in a straight line between 
the two lights whose intensities are to be compared, 
so that the light from each source is reflected from the 
respective mirrors to the tissue. The instrument is 
then moved nearer one or the other light, until to an 
eye situated above the box, the two portions of the 
slit which correspond to the respective mirrors ap- 
pear equally illuminated. The squares of the dis- 
tances of the lights from the vertical, c, give the pro- 
portion of the intensities required. 

^ A very ingenious and accurate mode of deter- 
miniug when two rays of liglit from different sources 
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have the same intensity, has been proposed by M. 
Arago ; but this method will hardly supersede those 
just described, at least for the use of gas-engineers, 
until a more simple apparatus is devised for its ap- 
plication. The method of M. Arago is founded on 
the property possessed by a ray of liglit of dividing 
itself, when polarized and passed through a doubly 
refracting prism, into two rays of the complementary 
colours, red and green. Rays from the two lights 
which arc to be compared are polarized by the ordi- 
nary means, as transmission througli a plate of tour- 
maline, or reflection from glass at the polarizing angle, 
then received on a plat* of rock crystal, and observed 
tlirough a doubly refracting prism. Each light will 
then give two images tinged with red and green. On 
bringing the images into such a position that the red 
of one light falls over the green of the other, if tlie 
intensities of the two lights are equal, the super- 
position completely neutralizes the colour, and a white 
or colourless image is the result; but, if the inten- 
sities are unequal, the image is slightly coloured with 
red or green, according as the one or the other predo- 
minates. 

Another mode of estimating the illuminating power 
of coal-gas is by determining its density, the light 
afforded by illuminating gases being in general pro- 
portioned to their density. The most valuable con- 
stituent of coal-gas, namely, oletiant gas, has the 
density 997 (air as 1000); the nest in value, light 
carbilretted hydrogen, has the density 560; and 
the density of hydrogen, which is the principal de- 
teriorating constituent, is 69. Thus far it would 
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se«a that the illuraiuating power of coal-gas might 
be estimated with accuracy by taking its density ; but, 
unfortunately, carbonic oxide and nitrogen, wliicli are 
of no value as sources of light, are heavy gases com- 
pared with light carburetted hydrogen and hydrogen: 
the density of carbonic oxide is f)67, and that of ni- 
trogen 970. Hence the estimate thns obtained can- 
not be relied on in all cases. Tlic density of the 
gas may form, nevertheless, a valuable datum in the 
estimate, as appears from the following results of 
some experiments by Mr. Hedley : ''*' 

Number qfiandlet equal to gut wAi'n 
burned in u lingle^ifl 
Density ifgus. four iac/itt higii. 

413 ) t \-riH'i 

412 * '"" ^''""''"' ( 1-082 

4E0 1-645 

424 1-234 

448 l-4fi3 

4S3 1-9S9 

455 1'9E9 

462 1'777 

466 1-828 

528 1-826 

630 2-2B8 

534 22M 

539 2-441 

680 3-306 

The late Dr. Henry, whose researches on coaI-ga» 
form the subject of memoirs of great interest, con- 
sidered that the comparative value of the different 
light-gases may be accurately determined by the 
quantity of oxygen required for the perfect coinbiis- 

* For s short accoiml of tlie method of obtaiDlng the douit; of gut*, 
tee " Eletaents of Chemical Analy si(," p. !r74 ; and, for more mlAIM 
delailn, Gonxill Faraday's " Cheuiica] Mooipulalioi 
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tion of equal volumes, and the quantity of carbonic 
acid produced thereby. The larger the proportion of 
hydrocarbons present, the greater amount of oxygen 
will be required ; light carburetted hydrogen requires 
more oxygen for combustion than carbonic oxide or 
hydrogen, and olefiant gas more than light carbu- 
retted hydrogen. In fact, both the illuminating 
powers of the different gases, and the amount of 
oxygen required for their combustion, depend in a 
great measure on the proportion of gaseous carbon 
contained in one volume of the gas. If one hun- 
dred volumes of one gas require for perfect com- 
bustion one hundred volumes of oxygen, and one 
hundred volumes of another gas require two hundred 
volumes of oxygen, the value of the second will be 
double, or a little more than double that of the first. 

A convenient instrument in which to cause the 
combination of the gas with oxygen is Dr. Ure's Eu- 
diometer, represented in fig. 
25. It is formed of a stout 
glass tube about twenty 
inches in length, and a quar- 
ter of an inch internal dia- 
meter, sealed at one end and 
doubly bent at the middle. 
The limb with the sealed 
end is graduated into equal 
parts according to an ar- 
bitrary scale. Two plati- 
num wires are sealed into 
the glass near the closed end, with their extremi- 
ties within the tube about one-tenth of an inch 
apart. On placing one of these wires in communi- 
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cation with the knob of a charged Leyden jar, nnd 
the other with the outside of the jar or tUb groitml 
by a metallic chain, the electric spark passes within 
the tnbe. In the first place, a mixture of tlio gas to 
be tested, and pure oxygen, in known proportions, the 
oxygen being in excess (say, three volumes of oxygen 
to one Tolame of the gas), is made in a graduated jar 
at the water-trough. Enougii of tliis mixture is trims- 
ferred to the eudiometer, previously filled with water 
or mercury, to occupy about two inches of tlic sealed 
end; and the amount of the mixture introduced is 
carefully observed, the liquid standing at the same 
level in both limbs. The mouth of the open limb 
is now closed with a cork, which is secured by a 
wire, and the electric spark taken tlirough tlui wir«s. 
The gaseous mixture explodes, and immediitt^ily aiter- 
wards a contraction is perceived from the conden- 
sation of the steam formed by the combustion. The 
gas which remains, supposing the combustion to ho 
complete, consists of the excess of oxygen, carbonic 
acid formed by the combustion, and the nitrogen in 
the coal-gas. The liquid is again brought to the same 
level in both limbs, and the measure of the gas is 
accurately noted: the carbonic acid gas is next ab- 
sorbed by agitating tlie gas with a little solution of 
caustic potash; for which purpose it is convenient 
to introduce a few fragments of fused potash through 
the open end of the tube, and shake them into the 
sealed limb. With a slight agitation the whole of tlie 
carbonic acid is immediately absorbed. The measure 
of the remaining gas being noted, and the closed end 
of the instrument completely filled with water, by a 
little dexterity the gas is brought into the limb witli 
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the open end. The instrument being inverted (the 
bend upwards), and the open end under water at the 
pneumatic trough, a stick of phosphorus attached to 
a piece of copper wire is introduced into the ( 
limb and brought iuto contact with the gas. The 
phosphorus soon absorbs the excess of oxjgen in the 
mixture, and what remains is the nitrogen of the 
coal-gas, to determine the amount of which it must 
be returned to the sealed limb. The excess of oxy- 
gen, and therefore the quantity required for the 
combustion, is also then ascertained. The results ob- 
tained shoidd always be tested by a second similar 
experiment ; and by a third, if any discrepancy is ob- 
served in the first two results. 

From the data obtained by such an experiment, 
that is, the volume of oxygen employed in the com- 
bustion, and the volume of carbonic acid produced, 
a tolerably accurate estimate of the value of illumi- 
nating gases may be formed. The reason of this will 
appear on examining the result of the combustion 
with pure oxygen of each of the combustible gases 
contained in coal-gas : 



\00 vols, of gas 


Conlradici of the 


To/., of car 


require of 


rniilure after 


bonk acid 


Name of gas. o.r^vgen 


explosion. 




Oleliantgns . . 300 vole. 


one-!mlf 


200 


Light carburet led 






hydrogen . . 2(10 „ 


two-tbirds 


100 


Hydrogen . . 50 „ 


complett! 





Carbonic oxide . 50 „ 


one-tbird 


100 



That a relation generally subsists between the 
amount of oxygen required, and the value of the 
coal-gas, may be perceived by the table at page 81, 
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shewing the composition of coal-gas evolved at dif- 
ferent periods of the distillation. See also the table 
of the composition of oil-gas, page 99. 

For the complete analysis of coal-gas, the process 
^Ten in the following table seems to be the best we 
are possessed of, bnt it is not altogether free from 
objections. The chief source of error lies in the 
determination of the carbonic oxide and hydrogen, 
for potassium, at a particular temperature, absorbs 
some hydrogen as well as carbonic oxide; but this 
circumstance does not interfere witli the estimation 
of the important constituents of coal-gas. 
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In the preceding method of aniilyziiig conUgas, tho 
olefiant gas and vapours of hydrocarbuu arc estimated 
together as the contraction by chlorine. The determi- 
nation of the hydro-carbiiretted vapours may be necu- 
rately effected, as slie^vn by Mr. Faraday, by means of 
oil of vitriol. That liquid absorbs both the vapours and 
olefiant gas, but the latter not so rapidly as the former; 
and if the coal-gas is diluted with three or four times 
its volume of atmospheric air or hydrogen, and the 
mixture kept in the shade, the absorption of olefiant 
gas is prevented. Another portion of the gas under 
examination may be taken for the remaining operations. 

As the principal luminiferous constituents of light- 
gas are olefiant gas and the vapours of hydrocar- 
bons, a good approximation to its true value may 
be obtained by determining merely the contraction 
which the gas experiences when mixed with chlorine, 
neglecting the other operations in the preceding me- 
thod of analysis ; and instead of removing the excess 
of chlorine by caustic potash at the close of the ex- 
periment, the amount of chlorine absorbed by water 
in similar circumstances may be noted and deducted 
from the entire condensation. The necessity of care- 
fully excluding the mixture from solar light, arises 
from the property which chlorine possesses of con- 
densing carbonic oxide under the influence of solar 
light and moisture; but no condensation from the 
presence of carbonic oxide takes place in the dark, 
or in candle-light. The purity of the chlorine em- 
ployed in this process should be previously ensured by 
ascertaining whether it is absorbed by water, or by 
a dilute alkaline solution, without leaving a residue. 
The chlorine should be added to the gas so long as the 
volume of the latter diminishes. 
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§ XI. UEGULATORS AND METERS. 

The flow of gits from the gasometer for distribution 
along the pipes is nft comnionly regulated by a stop- 
a>ck, but by a water or mercurial valve, which is, in 
fact, merely a small and very delicate gasometer. The 
water-valve has precisely the construction of the ordi- 
nary gasometer, excepting being square, and the upper 
part having a vertical partition descending about half- 
way from the covered top to the bottom; not so far 
as the surface of water in the cistern, except when 
it is required to cut off the supply of gas entirely. 
This partition is placed between the entrance and 
exit pipes, so that, in proportion as the weight of the 
counterpoise is diminished or increased, the partition 
approaches or recedes from the surface of water in 
the cistern, and of course retards or permits the flow 
of gas from the entrance to the exit pipe. The flow 
of gas is, therefore, regulated by the weight of the 
counterpoise. With this small gasometer is some- 
times connected a vertical rod, which carries a black- 
lead pencil made to bear upon a paper cylinder; the 
latter rotates on its axis by communication with a 
time-piece. By this contrivance every change of pres- 
sure which may take place during the absence of the 
observer is shewn by the aberration of the line ; it is, 
therefore, a pressure register. 

A sufficiently precise idea of the construction of the 
mercurial valve may be formed by the consideration 
of fig. 26. In this apparatus the cistern is the move- 
able part to regulate the flow, the upper part being 
fixed ; a and h represent the two gas-pipes terminating 
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in a reclanguliir iron vessel 
open at bottom, which dips into 
Uie cistern d, containing mercury 
np to the level e. By means of 
a screw working against the hot- 
torn of the cistern, the latter is 
raised or lowered so as to bring 
the surface of mercury nearer to, ^^^^^ 

or to draw it farther from, the 
vertical partition /. by which the flow of gas is im- 
peded or retarded at pleasure. The screw may be 
turned by an index working over a graduated circle, 
by which the exact size of the opening between tlie 
bottom of the partition and tlie surface of mercury 
may be indicated. 

In large gas-works a ^'B- 2". 

reguiatorof a more com- 
plicated construction is 
made use of, so con- 
trived as to preserve 
at all times a given ra- 
pidity in the passage 
of gas, however fluc- 
tuating the pressure of 
the gasometer. The 
principle of the action 
of this instrument, dif- 
ferent modifications of 
which are made use of, 
may be understood by 
reference to fig. 27. It 
consists of a rectangu- 
giar cistern containing water up to the level a a; h 
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is the part which answers to the gas-holder of the or- 
dinary gasometer, sustained at any required height by 
chains working over the pulleys c c, and bearing the 
counterpoise d. The gas enters by the pipe e, and 
passes out byy. Within the entrance pipe, which is 
contracted at top, is suspended by the chain g, a cone 
A, the base of which is a little wider than the aperture 
at the top of the pipe. Whenever the pressure on the 
gasometer is increased, the weight of the counterpoise d 
remaining the same, the vessel J rises, lifts the cone, 
and contracts the aperture through which the gas 
enters. By properly adjusting the length of the chain 
9, the flow may be at all times equally maintained, 
having been first adjusted by the counterpoises. The 
pressure in the gasometer may be ascertained and 
registered as in the common water-valves. 

Platow'a "gas moderator" is an ingenious instrument 
for preserving an uniform flow of gas on the small scale, 
The extremity of the tube which supplies the gas is 
immediately opposed by a disc, which is connected 
with a spring and crank in such a manner, that when 
the former would be driven from the extremity of the 
gas-pipe by an increased flow of gas, if not subject 
to the action of the spring, the latter causes the disc 
to approach the tube, and therefore offer an impedi- 
ment to the flow of the gas. These parts of the 
moderator are enclosed in an air-tight cylinder hardly 
exceeding two or three inches in length, from the top 
of which issues the gas delivery tube. 

The consumers of light-gas in London and many other 
places are now generally required by the respective gas 
companies to burn the gas by measure. The principle 
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of the action of the ordinary gas meter, or apparatus 
for measuring the quantity of gas which passes through 
a pipe, may be understood with the assistance of fig. 28, 
which represents a section of the working part of the 
apparatus perpendicular to its axis. This part consists 
of a cylindrical case a, within Fig. 28. 

which revolves a shorter cylin- 
der b, shut at both ends, and di- 
vided into four compartments 
by the partitions c, d, e,f; each 
compartment communicates with 
the exterior vessel by slits on 
the periphery of the cylinder. 
The size of the diameter of the 

cylinder of a meter to supply five lights is about thir- 
teen inches. About two-thirds of the cylinder re- 
volve in water, and the gas enters tlie space above by 
the elbow tube g, which enters at the axis and termi- 
nates immediately above the surface of the water. As 
the gas enters, and exerts a pressure against the parti- 
tion c, it causes the cylinder to revolve on its axis 
from left to right ; and, when the slit h gets above the 
surface of the water, the gas in that compartment 
escapes into the exterior cylinder, from whence it is 
conducted away by a tube not shewn in the figure. 
Connected with the opposite end of the axis of the cy- 
linder is an endless screw, which moves a toothed 
wheel attached to an upright shaft, and the latter com- 
municates with the dial-work of the registers, by which 
the number of cubic feet of gas which pass through 
the apparatus in a given time can be read off.* 

'* ConsideraUc aenEatlon has been lately cxcilcd among ihc 
fiunicra of the meltopolis in uonsequence of the sllegi 
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Clegg's " Patent Dry Gas Meter" is an ingenious 
apparatus, intended to shew the quantity of gas which 
passes through it, by measuring the temperature o!' 
a little brass cylinder heated by an inflamed jet 
of the gas. The jet proceeds from the side of a small 
brass knob about an inch and a half long, the upper 
part of which is without the meter. The bottom of 
this knob, within the meter, is connected at right 
angles with a hollow brass case, called the heater, 
about two inches long, and half an inch broad. The 
gas enters the meter at a prolongation of one extre- 
mity of the heater; a minute quantity passes up the 
knob, and out at the jet, but the bulk of the gas 
escapes from the heater downwards into the body of 
the meter by three descending tubes, each about three 
quarters of an inch in length. By its passage through 
the heater and the three descending tubes, the gas 
becomes heated; a measure of its temperature would, 
therefore, other circumstances being equal, be a mea- 
sure of the intensity of the combustion in the small 
flame issuing from the knob at top. 

The manner in which the temperature is measured 
and the registration effected, may be understood by 
reference to fig. 29: a is the cone, the dot in which 

pamphlet on gns tnetets bj Mr. H. Flower, in which the author proves 
that the registry of the ordinary gaa meter ia aobjcct to an excess over 
the actnal amount of gas transmitted amounting to from ciglit to thirty 
per cent. The chief Bonree of error seems to consiBt in the want of a 
proper adjustment of the surface of the water; an undue quaiitityof water 
in a meter, according to Mr. Flower, will make an excess of nbuut twenty 
per cent, in the amount registered over the ijuantity actually consiuned. 
In Edge's " Improved gaa meter " an excess of water ia prevented by 
having an open tube or waste-pipe leading ftom the proper surfiiee of 
the water downwards into a close cistern, or wa^te-water hox,froiii V^ch 
it is withdrawn when requisite by an opening at bottom, ^' 
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represents the aperture through wliich the jet of giis 
issues; b is the heater iu cross-section; c one of 
the tubes descending from the heater, by wliicli the 
gas enters the body of the ^ie- ^^■ 

meter; d \% 2. glass instru- 
ment similarly constructed 
to the differential thermome- 
ter of Leslie; but e and f, 
instead of being two round 
bulbs, are two cylinders of j 
three inches in length. This 
thermometer, the cylinders 
of which are half filled with 
alcohol and exhausted of air, 
is made to vibrate by the rod ^ on the centre A, and 
is balanced by the weight i. Supposing the appa- 
ratus in action, and the thermometer placed as in 
the figure, the heated gas descends through the three 
tabes, of which c is one, and impinges on the top 
surface of the cylinder f. The vapour of alcohol in 
this cylinder is immediately expanded, and drives the 
liquid into the cylinder e; the latter soon becomes 
the heavier, and descends until it lies immediately 
under the tube c, when it becomes heated in its turn 
and again rises. A pendulous motion is thus kept up 
so long as the gas flows, and the jet in the knob continues 
burning ; and each vibration, being communicated to 
a train of wheel-work, is registered in the ordinary 
manner. The number of vibrations in a given time 
corresponds with the intensity of combustion in the 
small jet of flame from the knob, which is nearly, 
though not exactly, proportional to the quantity of 
gas which passes through the meter. 



I 
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Cast-iron hoctds, not represeDted in the figure, pro- 
ject oxer the upper glass cylinder on each side, which 
serve to carry ofi" any superfluous caloric, so that the 
temperature of the heater and that of the hood 
which surmounts the top glass cylinder may bear the 
same relative proportion to each other, whatever the 
temperature of the external atmosphere. A meter of 
this construction, of about five inches in diameter and 
four inches deep, is said to be sufficiently large to 
measure gas for six burners, and is called a "six- 
light meter." Neither the temperature nor pressure 
of gas from the main afiects the indications of this 
meter; it works without membranes or valves, and 
without interfering with the steadiness of the light : 
it is cheaper than the common gas-meter, and is not 
subject to the great irregularities of the latter from 
variations in the water-line. But, unfortunately for 
the accuracy of the registrations of this instru- 
ment, the temperature of a gas-flame is not propor- 
tional to its light: as a measure of the temperature 
of the flame, and also of the light of a gas-flame if 
gas of the same quality is always used, it might pro- 
bably be made to afford very accurate indications, but 
there is reason to doubt its accuracy as a measurer 
of the light of gas of varying quality. Taking the 
average, however, of a periodical consumption, it may 
probably be made as accurate as most other meters. 

A modification of the ordinary meter has been con- 
trived by Mr. Lowe, by which all pressure of the gaso- 
meter may be dispensed with. The chief peculiarity 
in its construction is, that it possesses the action both 
of a suction-pump and a forcing-pump ; by the former 
it draws the gas from the service-main, without as- 
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I sistance from the gasometer, and by the latter it emit* 
I the gas for combustion. In the place of the water 
in which the drum of the common meter revolves, a 
solution of caustic alkali is substituted, wliich does not 
freeze as readily els water, and, moreover, serves to 
separate from the gas any sulphuretted hydrogen, car- 
bonic acid, and sulphurous acid yet remaining. 

^" A large meter, called the station meter, is placed 
at the gas-works between the purifier and the gaso- 
meters, to ascertain at pleasure the quantity of gas 
made during any given period, so that tlie weekly, 
monthly, and annual production can be compared with 
the quantities registered by the meters of the con- 
sumers. 



K Napht/ialized gas. — One of the most important of 
■file late improvements in gas illumination is Mr. 
Lowe's process for naphthalizing gas, or for impreg- 
nating ordinary coal-gas with the vapour of naph- 
tha (pages 60 and 94) almost immediately before it 
issues from the burner. To elFect this, the coal-gas 
is passed either through some porous substance, as 
sponge or pumice-stone saturated with naphtha, or 
else over surfaces of that liquid contained in shallow 
trays. For the first metliod a rectangular box is em- 
ployed, called the naphtha-bo^, made of tin-plate or 
other suitable material, divided into two compart- 
ments by a vertical partition in the middle, but 
which does not quite reach to the bottom of the bos. 

I .Each compartment contains a series of shelves formed 



1 
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of wire gratings, on which are placed strata of sponge 
or pumice-stone saturated with naphtha. The gas 
enters the box by an opening in the end at top, passes 
down through the several shelves of one compartment, 
then under the partition and up through the shelves 
of the other compartment, escaping from the bos 
through an opening corresponding to that at which 
it entered. 

The apparatus employed to saturate the gas with 
vapour, by passing it over surfaces of the liquid, is 
equally simple. A rectangular box is fitted up witii 
five or six shallow trays to contain the naphtha, placed 
one over the other. Near the end of each tray is a 
slit or aperture extending across the whole breadth 
of the tray, and furnished with sides rising to about 
half the depth of the tray. These apertures, which 
are placed alternately at opposite ends of contiguous 
trays, answer the purpose of waste-pipes to conduct 
the naphtha from one tray to that next below it, 
when the liquid in the former rises higher than the 
side of the opening. The naphtha is poured by a 
funnel into the uppermost tray, which it fills to the 
top of the waste aperture, and then, falling into the 
trays below, fills them also in succession. AVhen the 
naphtha issues from a small stop-cock at the bottom 
of the box, a sufficient quantity has been introduced. 
The gas enters the box at bottom from the meter, 
and, passing upwards through the several apertures, is 
exposed to the surface of the naphtha in each tray 
successively. By the time it readies tlie top, it is 
thoroughly satui-ated with the vapour, and is then 
emitted for combustion. 

The latter plan is more convenient than the former 



VAPHTDALIZED OAS. 



147 



in one respect, namely, that it does not require so 
frequent replenishing with naphtha. A thousand cubic 
feet of gas absorbs about a gallon of naphtha. 

The increase in the illuminating jiower of coal-gas 
by being impregnated with naphtha is very consider- 
able. A jet of hydrogen gas, which burns, when 
pure, with a pale blue flame hardly visible in the 
direct solar rays, gives a brilliant flame if the gas is 
passed through naphtha previous to being ignited. 
A good flame may be obtained even by impregnating 
common air, moderately warm (as the breath), with 
naphtha vapour. It has been estimated that one 
thousand cubic feet of naphthalized gas is equal in 
illuminating power to two thousand feet of common 
gas. If such is the case, the saving in this process 
amounts to twenty-five per cent., taking the cost of 
a thousand feet of gas at nine shillings. The ex- 
pense of the naphthalized gas is 



1000 cubic feot of g»5 

1 gal. of Qsphlhn .... 

Licence fur using the process per 1000 feet 

Cosl of naplLthflllicd gas equal to 2000 feet of eommo 
SaviDg it. Sd; or S5 per cent. 



. ■ But it is doubtful whether the illnminating power of 
the gas is so much as doubled ; according to another 
estimate, which seems nearer the truth, the saving is 
about 15 per cent., reckoning the common gas to be 
burned in the most advantageous manner. 

The naphthalizing box, of the construction first 
described, is made subservient to tlie separation of any 
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traces of sulphuretted hydrogen and carbonic acid 
which may have escaped the ordinary purifying pro- 
cesses. To this end the sponge or pumice-stone in 
the first compartment through which the gas passes 
is saturated with caustic potash or caustic soda, the 
shelves of the other compartment containing naphtha 
as usual. The small quantity of ammoniacal gas, 
which coal-gas purified in the ordinary manner gene- 
rally contains, not only deteriorates slightly the illumi- 
nating power of the gas, but is injurious to the pipes. 
To .separate this, a third compartment is given to the 
naphthalizing box, the porous material on the shelves 
of which contains dilute sulphuric, muriatic, or other 
suitable acid. The metallic partitions and sides of 
the box may be protected from the acid by a covering 
of a mixture of bees-wax and tallow. In a box of 
three compartments, the first may contain sulphuric 
acid, the second caustic soda, and the third naphtha. 



As the tar produced in the distillation of coal may 
be regarded as a kind of intermediate product in the 
conversion of coal into gas, its formation is attended 
therefore with the loss of a proportion of gas. Many 
contiivances have been suggested to reduce the amount 
of the product of tar, or to convert the tar into gas, by 
exposing the mixture as it issues from the retort to 
thefiirther action of heat. In 1835 Mr. John Malam, 
of Hull, obtained a patent for the use of a second 
retort or " regenerator,^ as termed by the patentee, 
into which the gas and tar vapour are passed before 
being conducted into the hydraulic main. The re- 
generator is a cylindrical vessel like a retort, but com- 
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posed of two tubes, one within the other, furnished 
with mouth-pieces and arranged as a retort. Tlie 
mixture of gas and vapours passes from the retort 
by a tube into the interior tube of the regenera- 
tor through a prolongation or mouth-piece at one 
end, passes into tlie other end of the tube, which is 
open, and then escapes into the outer cylinder. After 
having traversed the whole length of the latter, heated 
to redness, it is conducted to the hydraulic main. 

The quantity of tar obtained when the process is 
thus conducted is said to be only one-third of the 
ordinary product, the remaining two-thirds being con- 
verted into gas. According to some experiments by 
Mr. Peckston, the average production of gas when 
Mr. Malara's regenerator is made use of is 12,500 
cubic feet per ton of coals. The quality of the gas 
is not deteriorated, as might at first be supposed, but 
is improved; the average specific gravity of the gas 
obtained by Mr. Peckston being 569. It is stated 
that the quantity of coal required for charging the 
retorts, and also of fuel for heating them, may be 
reduced 25 per cent. The Marquis Montaubon and 
Messrs. Lowe and Kirkham have also obtained patents 
for apparatus by which the greater portion of the tar 
is converted into gas, similar in principle to Mr. Ma- 
lam's regenerator. 

{For some valuable suggestions which the Editor 
has received in this article, he is greaUy indebted to 
Mr. John Leigh of Manchester, the chemical director 
iif the gas-works of that town.) 
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f I. Properties and Composition of Wood, — II. Noture nnd Cftusoa of 
Decay of Wood. — III. PreBcrvativc Materials. — IV. Modes of Ap- 
plying Preservative Matcrialis. — V. Other effects of tlie I[ii]iregiialioii 
of Foreign Substances. 

TuE changes to which wood is liable under certain 
circumstances, known as rot and decay, are strictly 
chemical changes, and can only be properly under- 
stood and guarded against by their chemical inves- 
tigation. 

When wood is exposed to the simultaneous in- 
iluence of water and air, it often loses all its te- 
nacity, becoming pulverulent and at the same time 
darker in colour. If a piece of wood is exiimined 
which lias lain fur some time in a damp situation, 
its surface being partially protected by paint or var- 
nish, it is found that the parts which are unprotected 
have become corroded, soft to the touch, and pro- 
bably, in great part, detached from the mass. For 
some time after the decay is commenced the pro- 
tected parts remain sound ; but, if the decayed por- 
tions are not removed, the entire piece becomes at 
length converted into a brown mass, which falls to 
a coarse powder when touched. 



The decomposition of woody iibre may take place 
1 at least two conditions, namely, in the moist state 
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subject to the free access of air, and under the sur- 
face of water, wliere the air obtains access only by 
being Jissolved in the water; the products of the 
decomposition in the two conditions are different. 
When the access of air is limited, the decayed part 
does not acquire a brown colour, but becomes greyish- 
white, and a matter soluble in water is produced 
during the decay, the nature of which has not been 
minutely investigated. 

If the wood is freely exposed to the air, it may 
sutler another kind of decomposition, known as the 
dry-rot, by which it is rendered brittle, and has its 
cohesion completely destroyed. If absolutely dry, the 
wood is not subject to this disease, but it is capable 
of absorbing sufficient moisture from the air to con- 
tinue the decomposition when once commenced. In 
damp and ill-ventilated situations the dry-rot pro- 
duocfi the most serious damage, causing the destruc- 
tion, iu a few years, of entire buildings and ships. 
But though favoured by a close and damp atmosphere, 
it may occur where the ventilation is perfect and the 
atmosphere in its usual state of humidity. 

Ih'y-rot has been commonly attributed to the at- 
tutfka of fungi ; the disintegration being effected partly 
by tho introtluction of their filamentous spawn be- 
tween the woody fibres, and partly by the moisture 
they ai'o the means of conveying to the interior of 
tiw wootl. In most cases of dry-rot, fungi are eer- 
hiiuly pi'vseut, but often not until some time after 
the ooiumenoeuieiit of the disease ; in a few cases, how- 
ever, fuiigi uever make their appearance. Although, 
tliefvfwc, they nuiy be intimately concerned in the 
ra(>id juvpitgntiun of the disease when once com- 
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menced, they do not appear to be its origiuiil 
cause. 

That the decay of wood, once dried, is in all 
cases produced by an external cause, is evident from 
the circumstance that if the surface of tlie dried wood 
is completely covei'ed with a varnish impermeable to 
the air, decomposition is effectuully prevented. Under 
the surface of water, if putrefying organic matter is 
absent, wood seems also to be able to resist decom- 
position for an indefinite time, and in dry air it may 
be kept for thousands of years without undergoing 
any sensible change. 

In order to examine minutely into the menna of 
guarding against the decay of wood, it will be found 
convenient to consider, in the first place, the characters 
and composition of wood in a healthy state, and af- 
terwards, tlic chemical changes which take place in 
the processes of decay. 



I 

I- n 



§ I. PROPERTIES AND COMPOSITION OF WOOD. 



The function of the woody tissue of plants, in a 
physiological point of .view, is to support the various 
deciduous organs for digestion, respiration, &c., being 
in this respect similar to that of bones in animals; 
to receive certain secretions, and to contain the sus- 
tenance necessary for the newly forming parts before 
a more direct commuuieation is established between 
them and the soil. Though perfectly Iioraogcneous 
the naked eye, woody tissue is perceived, when 





oxamined by the microscope, to be composed of l(Hig, 
tliin, transparent, tough, memljranous tubes, which 
seem to be originally derived, like all other solid 
parts of plants, from a simple rounded cell. Woody 
tissue, though the chief and essential, is not the only 
constituent of wood or timber. Interspersed between 
tlic tubes which form the woody tissue, is the cel- 
lular tissue, which consists of cells or cavities closed 
on all sides, formed of a delicate and usually trans- 
parent membrane. Cellular tissue is more abundant 
in herbs than in trees, and decreases in proportion 
as the plant attains maturity. In exogenous trees 
it forms perpendicular plates radiating from the pith, 
as a centre, to the bark. 

The cross section of a first year's stem of an exogen 
(to which class belong almost all trees producing 
woods employed for mechanical purposes in this coun- 
try) presents, 1°, in the centre, pith, composed of 
cellular tissue; 2% around the pith a layer composed 
principally of woody tissue; 3", around the woody 
tissue a layer of bark (composed of several similar 
layers); and, lastly, 4°, from the pith tojie exterior 
of the wood lines of cellular tissue, which are sections 
of the radiating plates above referred to, distinguished 
as medullary rays, medullary processes, or medullary 
plates. These are often imperceptible by the naked 
eye, but always present. 

At the commencement of the second year's growth, 
a spontaneous separation of the layer of wood and 
the innermost layer of the bark or the liber takes 
place, and the intervening space becomes occupied 
with a viscid gelatinous liquid, known as the cam- 
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/liiim. In this Uquici iire (icposited elongated cells 
or tubes, wliich form the woody tissue of another 
layer of wood immediately surrounding tlie first year's 
layer, and the principal part of the cellular tiseue 
that connected the wood and the liber becomes ar- 
ranged in perpendicular plates, forming continuations 
of the medullary rays of the first year. Tbie second 
year's layer of wood is quite similar to that formed 
in the first year, to which it is firmly attached. The 
increase of wood goes on in this manner, circle around 
circle, or rather zone upon zone, each year ; so that, 
with young trees, where the line of distinction be- 
tween the several layers is easily perceived, the age 
of the tree may be estimated by the number of layers. 
Besides the external ring of wood, there is also formed 
yearly an internal ring of bark (liber), which at length 
becomes the external ring, those rings previously ex- 
terior to it having decayed as the stem increases in dia- 
meter. The name of the class of trees having this 
manner of growth, or cxogeus, has reference to the 
itJeiemal augmentations of woody matter; unlike cn- 
dogcTts, in which the wood is formed by successive 
augmentations from the interior. 

The length of the medullary plates varies from a 
quarter of an inch or less, as in the sycamore and 
maple, to several inches, as in the oak. When viewed 
by the microscope with a low power, they present a 
granular appearance; but with a high power, a cel- 
lular structure similar to that of the pith is percep- 
tible. The light and glossy ap]«carance of polished 
vertical pieces of several kinds of wood, known among 
carpenters by the term sUver-graln, oi flower of 
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wood, is produced by the exposure of the medullary 
plates. 

The tubes which form the woody tissue vary in 
diameter from j^^th to T^th part of an inch. 
They taper acutely at each end, and do not appear 
to have any direct communication with each other; 
no pores are perceptible in their sides. They are very 
tough and usually cylindrical, but have sometimes 
been observed in a prismatic form. 

The reason why the yearly increments of woody 
matter in exogens are defined (they being in juxta- 
position and composed of a similar structure), is, that 
the woody tissue formed towards the close of the 
growing season is denser and more compact than that 
formed at the commencement. If, however, through 
an equable climate or any other cause, the tissue 
formed at the close of the season is quite similar to 
that formed at the commencement, no distinction 
between the yearly increments will be perceptible; 
in the wood of tropical countries, the absence of con- 
centric circles is a very frequent occurrence. 

In trees of less than eight or ten years old, there 
is usually no perceptible difference (excepting the lines 
of demarcation) between the several layers of woody 
tissue ; but, after the lapse of ten or twelve years, the 
two or three interior layers become considerably har- 
dened, and pass into the state of timber properly so 
called. The interior hardened layers are distiuguished 
as the duramen and kcartwood, and the softer exterior 
layers as the tMwnum and sapwood. 

The sides of the tubes of the woody tissue forming 
the alburnum are very thin, and hardly any solid 
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matter b contained in the interior of the tubes, but 
merelj sap; the alburnum being the principal channel 
tlirough which the sap is conveyed from the roots 
to the leaves. The alburnum is always lighter in 
colour than the duramen, and, having little solidity 
and power of adhesion, is readily susceptible of dis- 
integration and decomposition; on which account it 
is always separated from the heartwood when the 
timber is worked up. The superior hardness and 
durability of the heartwood is owing to the thickening 
of the sides of the tubes by the deposition of various 
solid matters; as, the debris of disintegrated tubes and 
cells, resins, insoluble compounds of tannin with mat- 
ters derived from the sap, colouring matters, &c., 
which impart peculiar characters to different species 
of woods : the sapwood has nearly the same appear- 
ance in all trees. 

In some trees, as oak and teak, the conversion of 
sapwood into heartwood takes place rapidly ; In others, 
as poplar and willow, very slowly, or not at all. The 
wood of the latter class of trees (which are technically 
called white-wooded) never acquires the durability 
of that of the former, and is unfit for any but tem- 
porary uses. 

After the formation of heartwood is once com- 
menced, the number of layers of sapwood usually 
continues the same at all stages of the growth of 
the tree; consequently a layer of heartwood is pro- 
duced annually. The heartwood itself is not of the 
same density throughout; its interior layers gradually 
attain a maximum density, which is acquired by the 
other layers in yearly sucxiession. After having re- 
mained for some time at the raaxiraum density, the 
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interior layers seem to lose their vitality, becoming 
lighter in colour, softer, weaker, and readily altered 
by the action of decomposing agents.* 

Such is the structure and manner of growth of 
exogens. With reference to the growth of the other 
great class of trees, endogens, which includes palms, 
bamboos, grasses, &c., it will be sufficient for our 
purpose merely to mention that it is essentially dif- 
ferent from that of exogens, the new woody matter 
being first developed towards the centre of the trunk; 
whence the name of the class. Endogens are not 

* A difference of opinion has existed among botanists cnnceming 
tlic origin of woody tissue. According to tlie theory of Du Peiil 
TiiouitrB, OS modified by Undley and others, wood may be considcreil 
Bs the rood of the leaves and buds which arc sent downwards through 
the camhium, and at lengtli reach the extreme roots of the tree ; hy 
their close lotcro! adherence they form a layer which entirely surruunds 
the wood of the preceding year, and bceomca itself a component port 
of the new wood. Consistently with this theory, the amount of wood 
is generally observed to be proportional to the amount of buds ; and, 
if the leaves and brnnches which grow on one side of a tree are more 
vigorous than on the other (as may happen from exposure to more light 
and heat), the thickness of the layers of wood is greater on the sitli^ 
with vigorous leaves and branches than on the otlicr. When the growth 
of the bntnehes ia equal on all sides, the thickness of the layers uf wooJ 
is also usually equal all round. But leaves arc not the only agents by 
which tlie woody tissue is developed, for many ports of plants and some 
whole orders (as cactaeeBe) possess no leaves, and yet develope woody 
tissue. It has also been proved by Dr. Lankester, that trees from the 
stems of which the hark is removed at the spring of the year, will 
present new woody tissue between the bark and wood at the end of the 
year. Other circumstances may also be adduced in opposition to the 
theory which supposes buds to be the only agents concerned in the 
production of wood. The recent researches of Dr. Schleiden go fer to 
prove that the original cells, which become elongated into tubes forming 
woody tissue, ore developed in the same manner ns the cells of the cel- 
lular tissue, tliBt is, as excrescences proceeding from particles (cyto- 
blosts) in the sides of anteriorly formed cells. 
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1 of a well-defined cylindrical column of pith, 
nor of medullary rays: the densest part of their 
section is near the surface, instead of being near the 
centre, as in the heartwood of exogens. 

Wood is unfit to be used for building in the state in 
which it is felled. The tissues, being then distended 
with sap, experience a contraction when the water 
in the sap evaporates; and if the recently felled wood 
is placed in a confined situation, the humid nitro- 
genized matter in the sap rapidly decomposes, and 
induces the decomposition or decay of the woo(l. 

To avoid these inconveniences, the wood, before 
being worked up, is carefully dried or " seasoned," by 
which it is reduced in bulk across the grain, and the ni- 
trogenized matter of the sap is rendered less susceptible 
of decomposition. The ordinary process of seasoning 
wood consists in merely exposing it to a free current 
of air, the wood being either in the form of planks 
or logs, or in smaller pieces of about the sizes and 
forms to which they will afterwards be reduced. If 
the pieces are thin, twelve months' exposure in a 
dry situation with a free current of air will complete 
iheir desiccation to the extent required; but thick 
pieces often require several years. In general, the 
closer the grain, the longer is the time required; 
thus a large piece of oak is not thoroughly seasoned 
in less than eight or ten years. The exposure ought 
to be continued until the wood ceases to lose weight 
from evaporation, but this would require twice the 
period usually allowed for the process. 

The seasoning of wood is said to be eftected better 
and more rapidly \iy previously washing out or dilut- 
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\ng tha sap, which may bo accomplished by exposing 
the wood fwr some weeks to running water, or by 
liuilii]g the wooil in water. A quantity of the soluble 
nidtter in the sap is brought to the surface when 
the wood is exposed to the action of steam, as in the 
o[>eratioa for facilitating the bending of oak and 
other timbers for ship-building, &c. 

A patent for an improved method of seasoning 
timber was obtained in 1825 by Mr. J. Liington of 
Lincolnshire, which consists in drying the wood in 
a vacuum, or in a highly rarefied atmosphere. The 
timbers are placed vertically in an air-tight cast-iron 
cylinder connected with an exhausting pump, and, 
when exhausted of its air, the cylinder is heated by 
means of a vapoiu'-bath. The moisture given off from 
the wood is condensed in an air-tight refrigerator, 
«y as to prevent its reabsorption. 

The amount of contraction which takes place 
through desiccation is very different in different woods, 
being usually greatest in soft woods. In teak-wood 
tJw contraction is scarcely perceptible ; in some soft 
woods it amounts to half an inch in the foot. 

'I'he entire proportion of water in green woods 
vurioii from 38 to 45 per cent., according to the species 
aud age of the wood; but the whole of the water 
wumot bi! I'umovcd by drying in the air at common 
tviuiH^i'uturtis, however long the desiccation may be 
OiUitiuuoJ. Woods from the mulberry-tree, hazel-tree, 
iuul liiidvu-ti-ce, cut from branches of mean size at the 
\ili>*) of autuuui, deweased in weight in six months 
lit tUo foUowiug proportions; — mulberry 26 per cent.; 
htucl 33 (Hji veiit.; and linden, 40 percent. After 
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heing dried during twelve months, wood generally re- 
tains from one-fifth to one-fourth of its weight of water. 
A beam of oak-wood, kept for a century in a dry 
situation, was found by Count Rumford to lose 9 per 
cent, of its weight when dried at a high temperature. 
According to M. Karsten, oak shavings perfectly de- 
siccated in the air lose 10'3 per cent, of water when 
heated to 212°; but even at that temperature they 
retain a sensible quantity of water, capable of being 
expelled at higher temperatures. The woods of the 
willow and birch, in a state of fine powder, and freed 
from sap by digestion in boiling water, retain 14'5 
per cent, of water after desiccation in tlie air, for 
the expulsion of the whole of which the wood must 
be heated gradually to a temperature near 310" Fahr. 
(Prout.) 

When wood, rendered perfectly dry by the aid of 
heat, is exposed at common temperatures to the at- 
mosphere in its ordinary state of humidity, it re- 
absorbs a certain proportion of water, varying ac- 
cording to the compactness of the wood and to the 
quantity of deliquescent saline matters present. In 
a dry room without a fire, the quantity absorbed 
usually amounts to about 10 per cent. If covered 
with a resinous varnish, dry wood does not absorb 
atmospheric humidity. 

In its ordinary state, wood is a conductor of elec- 
tricity, from the presence of saline solutions; when 
rendered perfectly dry by the aid of heat, it is a non- 
conductor, but its conducting power returns upon the 
absorption of moisture, which takes place on re-expo- 
sure to the air. 
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Although nearly all kinds of wood float on water, 
yet the density of the true woody fibre is considerably 
greater than that of water. The apparent lightness 
of wood is owing to the presence of a large quantity 
of air in the pores of the wood, which is not displaced 
by water at common atmospheric pressure without 
a very long digestion. But if a piece of wood is 
placed on water in the receiver of an air-pump, and 
a vacuum made, as the air in the pores of the wood 
is withdrawn, water enters the pores and the wood 
sinks. 

According to Count Rumford, the specific gravity 
of the true woody fibre is much the same for all 
kinds of woods, varying only between 1-4:6, which is 
that of fir and maple, and 1*53, which is that of oak 
and beech. The specific gravity of the difierent kinds 
of woods in their ordinary state must therefore in- 
dicate their porosity, or the proportion of air within 
their pores. To take the specific gravity of wood 
in water for this purpose, the absorption of water 
by the wood should be prevented by applying to the 
surface of the wood a resinous varnish of the same 
density as water, which may be obtained by a mix- 
ture in certain proportions of wax and resin.* 
The first column in the following table exhibits 
the specific gravity of different woods as adopted 
by the Annuaire du Bureau des Longitudes; the 
second column contains the results obtained by M. 
Karmarsch. 

♦ The specific gravity of was is 0'967, nnd that of reain 1-079. 
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Hswthom 

Beech 




Aah 












Biteh 


Apple 




Pear 




Yoke-clm ... 

Onmg^trcc 

Walnut-tree 


706 














Cedar 












White poplar 

Comman poplar 

Cork 


629 

383 







The same kind of wood varies considerably in den- 
sity according to the soil on which the tree is grown, 
the climate, the age of the wood, and other cir- 
camstances. According to Eumford, the specific gra- 
vity of a piece of wood taken from the trunk of 
an oat in active growth is 961; that of billets of 
oak, cut and dried for a few years, is 883; that of 
a heam of oak, cut for at least six hundred years, 
was found to he 682; and that of the same wood 
when completely desiccated, 610. 
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Several exotic woods are considerably heavier than 
those kinds grown in Euroiie : the wood of the guaia- 
cum nfficbmh, for example, possesses the specific 
gravity 1-263; the specific gravity of ebony is 1213. 
Probably the heaviest of all woods is that known 
by the name of the iron-bark wood, brought from 
New South Wales, the density. of which is 1426. 
Its strength, compared with English oak, was found 
by Mr. Holtzapfiel to be as 1557 is to 1000. The 
lightest of true woods known in this countiy is the 
Cortina or Anona pabistrts, the density of which, 
according to Mr. Holtzapfiel, is only 206. This wood 
resembles ash in colour; but is paler, finer, and softer. 

From three to six per cent, of exsiccated wood is 
composed of solid matters derived from the evapora- 
tion of the sap, in which they were previously con- 
tained in a state of solution. These consist partly of 
saline matters, the proportion of which varies in dif- 
ferent woods from two parts in a thousand to two 
per cent. But by far the principal part of the re- 
sidue of the evaporation of the sap is a substance 
termed vegetaUe albumen, which closely resembles 
animal albumen (white of egg) both in properties and 
composition. It contains nitrogen, and, like animal 
albumen, is exceedingly prone to decomposition. The 
use of this substance in the living plant is to lubri- 
cate the sides of the various vessels, being the same 
as that of the mucous membrane of animals. It will 
be seen in another part of this article that the decay 
of woody fibre is generally an induced effect of con- 
tact with vegetable albumen in a state of decompo- 
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sition. Bifferent woods vary very considerably in the 
proportion of albnraen which they contain. 

It has been lately shewn, by M. Hartig, that a con- 
siderable quantity of starch is deposited in the in- 
terior of the vessels of the wood, which is capable 
of being extracted by mechanical means. The pro- 
portion of starch is said to be greatest in the winter 
season. To procure starch from this source, it is re- 
commended to reduce to powder the dried shavings 
of green wood, and to rub the powder with a quantity 
of water. After standing for five or ten minutes, 
the ligneous powder may be separated by decanting 
the liquid, from which the starch is gradually depo- 
sited. Like all other varieties of starch, this sub- 
stance is coloured intensely blue by iodine, and, when 
examined by the microscope, is perceived to be com- 
posed of spherical granules. The tast« of its solution 
in warm water is slightly astringent. 

By digesting the sawings of wood or the fibre of 
lint and cotton, successively in ether, alcohol, water, 
a diluted acid, and a diluted caustic alkali, so as to 
separate all the matters soluble in these liquids, with- 
out continuing the action of the acid and alkali so 
long as to alter essentially the constitution of the 
wood, there remains behind a white, spongy, pulveru- 
lent substance, which is the basis of the wood, or 
lignin, constituting from 95 to 97 per cent, of all 
kinds of desiccated wood. 

Lignin is possessed of certain physical and chemical 
properties, which amply distinguish it from every 
other vegetable principle. These properties are al- 
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ways the same, if the lignin is prepared as above, 
however great the difference whicli may exist between 
the plants, or parts of plants, from which it is prC' 
pared. White unsized paper, digested in dilute hy- 
drochloric acid to remove the earthy matters which 
it contains, and then washed with distilled water, 
affords a very pure form of Ugnin. 

In a state of purity; lignin possesses the following 
properties : 

It is white, tasteless, and inodorous, and presents, 
when examined by the microscope, a cellular or tubu- 
lar structure. It is considerably heavier than water, 
but usually floats on that liquid in consequence of 
containing air imprisoned within its cells or tubes. It 
is insoluble in water, alcohol, ether, fixed and volatile 
oils, diluted alkalies and diluted acids. It dissolves 
in the most highly concentrated nitric acid, without 
producing the decomposition of the acid; and, if the 
solution is immediately diluted with water, it gives 
a white pulverulent precipitate, which is a neutral 
substance, highly combustible, insoluble in water, con- 
taining, according to Robiquet, the elements of nitric 
acid. Weaker nitric acid converts it into oxalic acid, 
suberic acid, and other products. When fused with 
a caustic alkali, lignin is converted into either ulmic 
acid or oxalic acid, according to the proportion of 
alkali and the temperature which is applied. 

When lignin is mixed cautiously with concentrated 
sulphuric acid, so as to avoid elevation of tempera- 
ture, it is converted partly into dextrin, a gummy 
substance which is produced by the action of dilute 
acids and other agents on starch. A portion of the 
sulphuric acid unites at the same time with some of 
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Hie ligneous matter to form a compound which has 
received the names of ligninsul-phuric acid, and vegeto- 
nJphuric add, which forms soluble salts with barytes 
and oxide of lead. When the above mixture of con- 
centrated sulphuric acid and dextrin is diluted with 
water and boiled, the dextrin passes into the state 
of starch sugar. 

To prepare starch sugar from this source, six parts 
of clean hempen or linen cloth, divided into small 
pieces, is intimately mixed with eight and a half 
parts of concentrated sulphuric acid, added in very 
small quantities. In the course of half an hour, when 
the cloth has become converted into a brown viscous 
mass, entirely soluble in cold water, sufficient water 
is added to dissolve the mass, and the mixture is 
boiled for eight or ten hours, fresh water being added 
from time to time to replace that which is expeUed 
by evaporation. The sacchariflcation is then com- 
plete, and the free sulphuric in the solution is sepa- 
rated by the addition of an excess of chalk, which 
becomes converted into the insoluble sulphate of lime. 
The filtered liquid leaves a residue of starch sugar on 
evaporation. According to M. Braconnot, twenty parts 
of lignin afford about twenty-three parts of sugar. 

Lignin resembles starch not only in being conver- 
tible into dextrin and sugar by the action of acids, 
but also in being converted into dextrin (or an 
analogous substance) by mere torrefaction. 

The identity in the nature of the ligneous matter 
derived from all kinds of trees is evidenced not only 
by its chemical properties, but by its analysis. The 
composition of washed and dried wood from the oak 
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and beech was foiiiul by MM. Tbenard and Gray- 
Lussac to be the foHowmg: 



Hydrogen . , . 5-S2i 

Oxygen . . 42-73 J "~" 



Analyses of washed and dried wood from the box and 
willow aflTorded Dr. Prout similar results. 

From these and other analyses the formula Cm Hq 
Oj, has been assigned to pure lignJn. 

According to the more recent researches of M. 
Payen, the Ugnin of wood is not a homogeneous sub- 
stance, but a mixture of two principles, which he has 
succeeded in separating. One of these is the primi- 
tive woody tissue, which has the same composition as 
starch (C,3 H,o Om), and is named cellulose by M. 
Payen. The other principle is the true ligneous mat- 
ter, and is contained in the interior of the cells in 
a proportion varying according to the nature of the 
wood and the age of the tree. It forms the principal 
part of the solid matter which gives durability and 
hardness to the heartwood. The separation of the 
true lignin (matiere incrustante) from the cellulose 
was effected by M. Payen by the agency of highly 
concentrated nitric acid, which dissolves lignin, but 
leaves the cellulose without alteration. The remain- 
ing cellulose is soluble in concentrated sulphuric acid 
without being blackened. The true lignin is considered 
by M. Payen to contain more hydrogen than is re- 
quired to form water with the oxygen present ; that 
from hemp, lint, straw, and linen cloth corresponded 
in composition with the formula C^s H„ 0„. 
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When wood is subjected to destructive distillation 
in close vessels, a great variety of volatile products 
is disengaged, comprising water, acetic acid, a black 
mass known as wood-tar (containing several peculiar 
combustible liquids and solids), several oily and spi- 
rituous substances, carbonic oxide gas, and gaseous 
compounds of carbon and hydrogen. The higher the 
temperature at which the distillation is conducted, the 
larger is the proportion of gaseous matters among the 
products. A residue of charcoal of the same shape 
as the original pieces of wood, but less in size, is found 
in the retort, the weight of which varies from 16 to 28 
per cent, of the weight of the wood. 

The flame of burning wood proceeds from the com- 
bustion of the same kind of gaseous matters as are 
given ofiF when the wood is subjected to destructive dis- 
tillation in close vessels. As the proportion of these 
products is partly dependent on the temperature at 
which the distillation is conducted, it follows that, 
to obtain the largest possible flame, the wood should 
be dry, in order to avoid loss of heat by the evapo- 
ration of the water, and in small pieces which may be 
quickly heated to their centre and applied to the fire 
in small quantities at a time. If the temperature 
necessary for active combustion is maintained, and 
sufficient air has access, the combustion of the wood 
is complete ; the only residue being a small quantity 
of white ash derived from the saline and earthy matters 
formerly contained in the sap. The carbon of the 
wood in this case is entirely converted into carbonic 
acid, and the hydrogen into water, by combining with 
the oxygen of the air and of the wood. But it is 
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difficult to unite at all times the conditions necessary 
for perfect combustion, namely, a high temperature 
ami suthcient air; the combustion or oxidation of the 
volatile products is hence often incompletely effected, 
and smoke^ (which consists chiefly of solid particles 
of a carbonaceous substance) is produced. Compact 

• Tlie Bool whicli is deposited on a cold body from Ihe smoke of 
burning nuod Iioa been analyzed by M. Braconnot with the following 

A nitrogL'Qbcd carbon iiceouB matter insoluble in alcohol . 20'00 

Ulmiu 30-90 

All acrid nod bitter principle . . -50 

Wtlcr 12-SO 

Catboiutceous oiattcr insoluble in alkolieB . . . 3'8S 

Acclalc of potaab ..... 4-10 



L 



Acetate of lime ..... 5'6C 

Acetate of magnesia . . . . 'SS 
Acetate of iron ..... a trace. 

Chloride of potasBium ..... -36 

Bulphaieoflime ..... 8-00 

FetruginoiiB phosphate of lime .... I'M 

Carbonate of lime ..... 14*60 

Silica -95 

100-00 
Lamp-black differs from common soot in being more completely car- 

boliinn). According to the analysLS of M. Braconnot, the composition 

of lamp-black from wood ui the following: 

Carbon 791 

Water 8-0 

Heaiii ....... fi-3 

Bilumen ...... 1-7 

tllwin ....... -fi 

Sulphate of potash ..... -4 

Sulphate of umnionia 3-3 

iulphate vS Uuie -S 

Chliulklv of potassium ..... a trace, 
fc'otriigiiiomi phosphate of lime ... '8 

^tiuuU) Muid ...... '6 



100-0 
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woods biim only at tlie surface; the volatile com- 
bustible products which produce flame are quicldy 
disengaged, and a mass of charcoal remains, which burns 
sway slowly without the production of flame, or at 
least of the yellow flame which is perceived at the 
commencement of the combustion. Light porous 
woods, which freely admit air to their interior, burn 
more rapidly than compact woods, and aflbrd a yellow 
flame almost the whole time of their combustion, leav- 
mg a very small residue of charcoal. 

With a view of determining the heating power of 
different kinds of wood in a state of combustion, a set 
of experiments was performed by MM. Peterson and 
Schodler to ascertain the quantity of oxygea required 
for the combustion of a given weight of the difierent 
woods. K the woods are equally dry, the amount of 
heat disengaged by the combustion is very nearly pro- 
portional to the quantity of oxygen which unites with 
the combustible. The results obtained by MM. Peter- 
son and Schodler are the following : 



Ost/gen required 
to bam 100 
Names of Trea. parli of each. 

Tilia Europea, lime . 140823 
Ulmui itiberosa, elm . 139'408 
Pimaabies,&i . . 138377 
Pinul farir, larch , 138-0B2 
^xtdtia hippocailamim, 
horse-chcBtDut 



138-002 
137-315 

136-960 



Acer campatrii, maple 
PjBuijyfDesim, Scotch fir 136-931 
PJnas picea, pitch pine 136-886 
Populianigra,h\aekfophx 136*638 
Pjruiromniunu, pear-tree 135-881 
Jygtani regia, walnut 135-690 




Oiygen regviral 
to hia-n IDO 



parts ofeadi. 
. 133-369 
. 133-951 
. 133-472 

ee 133-340 
133-251 



Nianei of Tree!. 
Betula alnta, alder 
Saliijragilia, willow , 
Quercus robur, oak 
Pgnii maltis, apple-tr« 
Fnuiniii eireltior, ash 
Belula alba, bircli . 133-2S9 
Prunujcera«a!,eiieiTy-trcc 133-139 
Robineapieudaaicia,iicacia 132'G43 
fogiuiy /no/ I'ca, white hecch 132-312 
Prunui doraeslica, plum 132-088 
Fagus lylv/ilica, red heech 130834 
Diatpyros ebenum, cbooy 1SS-17S 
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Heat is dissipated from a body in a state of ordi- 
nary combustion in two ways entirely distinct from 
each other : 1°, by the ascending current of air and 
gases from the combustible; and, 2°, by radiation in 
all directions, both from the surface of tlie burning 
body and from tlie flame. M. Peclet has ascertained 
by experiment that the radiating power of burning 
wood is not the same for different kinds of wood; 
and that for the same kind it is greater when the 
wood is in large than in small masses, because the 
radiating power of the charred surface of the wood 
is much greater than the radiating power of flame. 
If the wood is in very small pieces, the amount of heat 
radiated is very nearly the same for all kinds of wood, 
and is equal to one-third of that dissipated by the 
draught of air, or to one-fourth of the entire amount 
produced. 

The quantity of white ash which remains after all 
the combustible matter in wood is completely con- 
sumed is very small, and varies considerably from 
different woods. The following table shews the quan- 
tity which remains after the combustion and incinera- 
tion of 1000 parts of several different kinds of wood. 



Oiik (faggots) . 


. 22 


Spindle . 


Ebony . . 


16 


Ash . 


Maliogany 


. 16 


Filbert . 


Aepen 


6 


Bon . 


Pine 


. 4 


Poplar . 


Bircli . 


4 


Cork 


Fir 


. 4 


Maple . 


Barked ouk . 


4 





of alkaline salts soluble 
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in water, and earthy matters insoluble in water. 
The soluble alkaline salts consist of carbonates and 
sulphates of potash and soda, chlorides of potassium 
and sodium, and a little silicate of potash. The in- 
soluble earthy matters are composed of lime or car- 
bonate of lime, according to the temperature at which 
the incineration is performed, phosphate of lime, 
phosphate of magnesia, phosphate of iron, oxide of 
manganese, and silica. The proportions of ash given 
in the preceding table do not represent the actual 
quantities of saline matter in the different woods ; as 
the greater part of the potash, soda, and lime exists 
in the woods in combination with vegetable acids, as 
tartaric, oxalic, acetic, &c., which become destroyed 
by the combustion. One of the products of the de- 
composition of the vegetable acids is carbonic acid, 
part of which combines with the bases formerly united 
to the vegetable acids. This is the only source of the 
carbonic acid in the carbonates of potash and soda 
found in the ash ; as the wood before calcination does 
not contain a trace of an alkaline carbonate. The 
results given in the preceding table are those obtained 
when the ash is calcined at a full white beat, by 
which the carbonate of lime becomes converted into 
quick-lime. When thus calcined, the ash weighs nearly 
one-third less than it does if the residue of the com- 
bustion is simply incinerated at a red heat, until 
the charcoal is completely consumed. The relative 
proportion of ash obtained from the young and old 
wood of a few different kinds of trees is shewn in the 
following table of the results of some experiments by 
M. Karsten: 
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ProO) joud; oak-iTOod IS puts of ash m 1000 of wood. 

„ old „ U 

„ joung red bccch-wooU 

(rothbuchenholz) 37 5 „ 

„ old . „ 40 „ 

„ joung wliiti: beech-wood 

(weisaliuchenholz) 32 „ 

„ old „ 36 

„ jouDg aider-wood 3.1 „ 

„ old „ 40 „ 

„ joung bireh-wood Sfi „ 

„ old „ 30 „ 

„ young red pine (fichtenholz) 16 „ 

„ old „ 15 

„ young white pine 

(tonnGnhob) S2*G „ 

„ old „ 2a 

„ jroung pitch pitie 

(lucfemholz) 13 „ 

„ old „ 15 „ 

The difference in the composition of the ash de- 
rived from the wood of different kinds of trees is not 
very considerable. The portion soluble in water com- 
prises from one-eighth to one-fourth of the entire ash. 
Analyses of the insoluble portions of the ashes of oak- 
wood and beech-wood afforded the following results 
(M. Berthier): 

From oak- From beetA- 

wood. wood. 

Lime, Bs carbonate and |>liaHpliatc . . G3'2 42'6 

Magnesia ..... — 7'0 

Oxide of iron — 1-5 

Oxide of manganese . , . 90 4-5 

Carbonic aeid (as ciirbonetc of lime) . 24-4 32-9 

Phuaphoric acid (ae phoBphate of lime) 70 5'7 

Silica 6-4 5-8 

lOO'O 100-0 

The soluble portions of the same ashee were found 
to l>e composed of 
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ri From oak- 


Frtmi beech- 


wood. 


wood. 


Potiab and soda 65'2 


64-1 


Cirbonieacid US 


22-4 


ypbnricacid 10-0 


7-3 


Mimsticaoid -6 


fi-3 


SHc - 


1-0 


' 100-0 

1 


100-0 


1 § II. NATUBE AND CAUSES OF THE DECAY 


OF WOOD. 



1 



By referring to the observations contained in the 
preceding section on the structure and composition 
of wood in a healthy state, it will be perceived that, 
according to the analyses of MM. Gay-Lussac and 
Thdnard, and Dr. Prout, pure woody fibre may be 
considered to contain carbon united with the elements 
of water ; but that, besides the pure fibre, wood 
contains, in its ordinary state, from three to five per 
cent, of soluble matter, of which nitrogen forms an 
essential constituent. 

It appears from the experiments of De Saussure 
that the decay of woody fibre is essentially a process 
of o^dation. On exposing moist wood to oxygen 
gas, it was found that, for every volume of oxygen 
absorbed by the wood, one volume of carbonic acid 
gas was disengaged. As carbonic acid gas contains 
its own volume of oxygen gas, the result might seem 
to be merely a separation of a portion of the carbon 
of the wood by a process of oxidation or combustion 
at low temperatures. Such cases of slow oxidation 
have been distinguished by Llebig by the name of 
eremacatisis, which is compounded from ^^l|U,os, by 
Agrees, and xxv/tn, burning. 
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But the examination of the products of the action I 
of oxygen on dry wood, and the analysis of the re- ' 
siduary mould or humus, shew that wood loses by 
the process of slow combustion or eremacausis, be- 
sides carbon, & certain amount of its hydrogen and 
oxygen in the proportion to form water. On exposing 
240 parts of dry saw-dust of oak-wood to the action 
of oxygen gas, De Saussure found that the oxygen be- 
came converted into the same volume of carbonic 
acid gas, containing 3 parts by weight of carbon. 
But the wood diminished in weight by 15 parts; 12 
other parts were therefore separated in the form of 
oxygen and hydrogen. 

For the following considerations on the nature of 
the decay of woody tibre, I am indebted to Professor 
Liebig's valuable work entitled " Organic Chemistry 
applied to Agriculture and Physiology." In an agri- 
cultural point of view this process of decay is of 
great importance, as being the means of fiirnishing 
the soil with humus ; which, by the action of the air, 
becomes a means of supplying the roots of plants 
with carbonic acid. 

Notwithstanding the separation of carbon from 
wood during the process of decay, in the form of 
carbonic acid, if the composition of the decaying wood 
is . examined at different stages in the process, it is 
found that the relative proportion of carbon in the 
different products augments as the decay advances. 
The weight of the hydrogen and oxygen therefore, 
which are given off simultaneously with the carbon, 
is greater than the weight of the separated carbon. 
According to Gay-Lussac and Th^nard, 100 parts of 
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oak-wood dried at 212", from which all soluble matters 
had been separated by means of water and alcohol, 
contained 5 1 '45 parts of carbon ; the remainder being 
hydrogen and oxygen in the same proportion as in 
water. A specimen of mouldered oak-wood, taken 
from the interior of the trunk, of a chocolate-brown 
colour and retaining the structure of wood, was 
found by M. Meyer to contain 5336 per cent, of 
carbon, and 46*44 per cent, of hydrogen and oxygen, 
in the same proportions as exist in water. Another 
specimen of mouldered oak-wood, in a more ad- 
vanced state of decay, of a light brown colour and 
easily reducible to fine powder, was found by Dr. 
Will to contain 56'2 per cent, of carbon, and 43"8 
of hydrogen and oxygen in the usual proportions. 
The composition of these substances in equivalents 
is represented by the following formulte, with which 
the percentage composition, as obtained by analysis, 
closely agrees. 



Fresh oalt-woDcl, by Gay-Lufisac and Tliejiard 
HumuH from oak, by M. Meyer 
Humus from oak, by Dr. Will . 



H,„ 0„ 



It appears from these data that, for each equivalent 
of carbon separated from the wood, there are also sepa- 
rated two equivalents of oxygen and two equivalents of 
hydrogen. The process is merely a case of slow com- 
bustion through the oxygen of the air, but it remains 
to be decided whether the carbon or the hydrogen 
of the wood unites with the oxygen absorbed from 
the air. One of these elements is doubtless oxidized 
by the air, the other unites more intimately than be- 
fore with the oxygen of the wood. If, as some sup- 
pose, the hydrogen and oxygen of the wood already 
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exist in the state of water, the wood being a hydrate 
of carbon, there can be no doubt tliat the carbon is 
oxidized immediately by the air. But the characters 
of woody fibre favour the idea that its hydrogen and 
oxygen do not exist in the form of water ; for, were 
that tlie case, dry starch, sugar, and gum must like- 
wise be considered as hydrates of carbon. And, if 
the hydrogen does not exist in woody fibre in the 
form of water, the direct oxidation of the carbon 
cannot be considered as at all probable without re- 
jecting all the facts established by experiment regard- 
ing the process of combustion at low temperatures. 
(Liebig, Agricultural Chemistry, p. 295, 3rd edit.) 

If such were the case, it would be a combustion 
in which the carbon of the burning body constantly 
augmented, instead of being diminished. It may 
therefore be concluded that it is the hydrogen which 
is oxidized at the expense of the oxygen of the air, 
while the carbonic acid is wholly formed from the 
elements of the wood. 

It is uncertain to what extent this decomposition 
of the wood may proceed under the ordinary influence 
of moisture and air, favoured with warmth and light, 
but certainly not so far as to the entire separation 
of the hydrogen and oxygen ; for, with the increased 
proportion of carbon in the residuary humus, its 
affinity for the remaining hydrogen increases, until 
at length it equals the affinity of the oxygen for the 
same element. 

Such are the changes which wood suffiirs when ex- 
posed in a humid state to an unlimited quantity of 
air. But when the air is entirely or partially ex- 
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eluded, water still having access, the order of decom- 
position is considerably modified. Carbonic acid is 
then evolved in the same manner as when air is 
freely admitted, but the hydrogen of the wood re- 
mains behind. Two analyses of the white decayed 
wood, obtained from tlie interior of the trunk of a 
dead oak which had been in contact with water, 
yielded, after having been dried, at 212°, 

Carbon .... 47-11 48-14 

Hydrogen 6-31 606 

Oxygen .... 45'31 44'43 

Ashes . . . 1-27 1-37 



The mean of these numbers corresponds very nearly 
to the formula C^ H^ Oji, which gives, by calculation, 
carbon 47'9, hydrogen 6"1, oxygen 46. By comparing 
the formula with that assigned to woody fibre by Gay- 
Lussac and Tbenard, it is seen that the elements of 
water become united with the wood, and a portion 
of the carbon of the wood is separated in the form of 
carbonic acid. The oxygen of the carbonic acid is 
derived partly from the wood and partly from other 
sources, particularly from free oxygen contained in so- 
lution in the water, and derived from the atmosphere. 
It is supposed by Liebig that in this, as in all other 
cases of putrefactive decomposition, the oxygen of 
the water itself assists in the formation of the car- 
bonic acid. 

The above formula for mouldered oak is obtained 
by adding to the formula for pure woody fibre the 
elements of five equivalents of water, and three equi- 
valents of oxygen, and subtracting therefrom three - 
squivalents of carbonic acid. 
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Woniy fibre C^ [I„ 0„ 

5 l-t]. WBltT . . H J (1 J 

3 c<j. oiygrn .... O j 

>:„ «„ o„ 

Deduct 3 cq. carb. acid . . C , O , 

MoulJered oak . . , C„ H„ 0„ 

But the composition of mouldered wood varies ac- 
cording to the facility with which oxygen has access. 
A specimen of white mouldered beech-wood afforded, 
on analysis, carbon 47-67, hydrogen 5'67, and oxygen 
46'68, numbers which correspond to the formula Cj, 
H„ 0„ (Liebig). 

The decomposition which wood suffers in marshy 
soils, and under water in contact with decaying vege- 
table matter, the access of free oxygen being wholly 
prevented, is a case of putrefaction or transformation 
of the constituents of the wood into other forms of 
matter, differing from the preceding cases in the cir- 
cumstance that the decomposition is not effected by 
the separation of one of the elements of the wood 
through the affinity of an external substance. In the 
cases already considered, the decomposition is partly 
effected through the affinity of oxygen for the hy- 
drogen and carbon of the wood. When the wood 
is embedded in marshy soils, the access of free oxygen 
is prevented by the wood being surrounded by at- 
tenuated decomposing vegetable matter, which has 
a more powerful affinity for oxygen than the denser 
wood. 

In such cases of transformation, the carbon of the 
wood is shared between the hydrogen and oxygen 
of the wood ; the carbon forming with hydrogen light 



NATUKE ASD CAUSES OF THE DECAY OF WOOD. 181 

carburetted hydrogeD or marsh gas (CHj), and with 
oxygen, carbonic acid. A portion of the hydrogen 
and oxygen of the wood may probably unite to form 
water at the same time. The mouldy residue always 
contains a much larger relative proportion of carbon 
than previously existed in the wood. 

In assigning a cause for these transformations, it 
is not sufficient to ascribe them to the action of air 
and water. It is known that in dry air woody fibre 
may be preserved without decomposition for thou- 
sands of years; and under water, in certain conditions, 
it appears to be equally durable. 

The general condition for the production of such 
decompositions is contact with a body already under- 
going a similar change. When fresh wood is placed 
in contact with decaying wood, or other decaying ve- 
getable matter, the latter acts the part of a ferment, 
and causes the transformation of the elements of the 
fresh wood, from the same cause as yeast causes a 
transformation of the elements of sugar. The result 
differs according to the composition of the substance 
to be decomposed, and the presence or absence of 
free oxygen; but the cause is the same, and the 
decay in the case of dry-rot may be considered as a 
process of fermentation and oxidation combined. 

In this respect it closely resembles acetification or 
the process of fermentation and oxidation, by which 
alcohol is converted into acetic acid. By absorbing 
oxygen, the alcohol becomes entirely converted into 
water and acetic acid. But pure alcohol, whether 
strong or diluted with water, may be exposed to free 
oxygen without the formation of tlie smallest particle 
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of acetic acid, or alteration of any kind; as also 
may pure woody fibre without fonnation of humus. 
One of the conditions necessary to the conversion of 
alcohol into acetic acid is contact with a nitrogenized 
body, as yeast, in a state of slow oxidation or pu- 
trefaction; a condition precisely similar to that under 
which the decomposition of wood is originated. The 
transformation of the elements of alcohol, or woody 
fibre, is considered by M, Liebig as a reflex action of 
the transformation of the contiguous decomposing 
body consistently with the physical law proposed in 
another application, by Laplace and Bertliollet, that 
" a molecule set in motion by any power can im- 
part its own motion to another molecule with which 
it may be in contact." 

The albuminous matter which wood contains dis- 
tributed over the cellular tissue is intimately con- 
nected with the decomposition of the wood. It is a 
nitrogenized substance, and identical in composition 
with animal albumen; like which body, it is putres- 
cible in a high degree, and therefore an element 
of fermentation and putrefaction. It is particularly 
adapted for food for insects, which are often found 
in the interior of the cells, penetrating the wood in 
all directions. The disintegration of the fibres, thus 
occasioned by insects, also greatly accelerates the che- 
mical action going on at the same time, from the in- 
creased facility for the introduction of air and water 
to the interior of the wood. The products of the 
spontaneous decomposition of vegetable albumen are 
the same as those produced from animal albumen ; 
namely, carbonate of ammonia, nitrate of ammonia, 
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carbiiretted hydrogen, and water. The influence of 
smmoniacal salts in favouring the growth of fungi 
accounts for the appearance of the latter among the 
e&rliest signs of decay of wood.''"^ 

The spontaneous decomposition of the vegetable 
albumen, acting as a ferment, is the primary cause 
of the decomposition of the wood; and the presence 
of sugar, starch, and other matters capable of being 
easily transformed by a ferment, considerably hastens 
the decomposition. Hence it is found tliat those 
woods which contain the smallest quantity of albu- 
men and amylaceous matters are the most durable. 
The wood of a tree of the acacia tribe, which has been 
largely employed of late in France and America for 
purposes in which the wood is subject to more than 
ordinary exposure, contains merely a trace of albumen, 
and hence resists decomposition in situations where all 
other woods enter into a state of decay. Placed in 
the same circumstances in which oak-wood decays 
in one or two years, the wood of the acacia is said 
to remain perfect for fifteen or twenty years (M. 
Payent)- 

Before a considerable quantity of wood is appro- 
priated to building purposes, an experiment should 
be performed to ascertain, by chemical analysis, the 
proportion of albumen which it contains. A method 
recommended by M, Payen consists in digesting the 
wood with the aid of heat in a dilute solution of 
caustic soda, which has little or no action on the 
woody fibre, but dissolves the albumen; and the 

* Th(! grDwili of laushrooma ie found to be ramaikably accelerated 
by wittering tbent with a, solution of sulphate of ammDnia. 
t Court de C/iimie Orgeniguc, 1843. 
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qnantity of the latter thus separated may be estimated 
by washing, drj-ing, and weighing the wood. 

As the presence of starch and gum in the wood 
would prevent such a process as the preceding from 
affording anything more than an approximation to 
the proportion of albumen, a more advantageous me- 
thod would be to determine the absolute amount of 
nitrogen in the wood by the simple and easy process 
devised by MM. Will and Varrentrapp for the ulti- 
mate analysis of organic bodies. From the propor- 
tion of nitrogen thus obtained, that of the albumen 
in the wood may be calculated; but such a calcu- 
lation is unnecessary, as the relative amount of ni- 
trogen in different specimens of wood would of course 
indicate (according to the principles before developed) 
their relative disposition to decay. An account of 
the manner of conducting the process referred to 
may be found in the " Elements of Chemical Analysis," 
page 267. 



§ III. PEESESTATIVE MATERIALS. 

If the decay of wood is, in the first place, an in- 
duced effect of the contact of decomposing albumen, 
a means of preserving the wood is naturally suggested 
in the removal of the albumen ; or else, in so modify- 
ing it, by causing it to combine with other sub- 
stances, that it shall no longer possess the property 
of decomposing spontaneously. 

The solubility of albumen in cold and tepid water 
affords a simple means of withdrawing from the 
wood this element of decomposition. Unless the wood 
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is in very thin pieces, however, the removal of the 
albumen by the process of washing in water is ex- 
tremely slow. To test the efficacy of merely washing 
in water, equal weights of washed and unwashed 
wood, equally dry, were moistened with the same 
quantity of water, and the amount evaporated was 
replaced in each quantity equally. In the course of 
a few weeks the unwashed wood was always found 
to be covered with a thick mould, while none ap- 
peared on the washed wood for six months. At the 
expiration of that period the unwashed wood was 
found to have sensibly diminished in weight, while 
the weight of the washed wood remained unaltered 
(Dr. Boucherie). As the decay of wood advances, the 
proportion of soluble matter decreases from five or 
six to less than one per cent. 

But, as the removal of the albumen seems to dimin- 
ish the adhesion of the fibres and the tenacity of the 
wood, a better method of preserving wood is to cause 
the albumen to enter into combination with another 
substance, to form a compound which is insoluble in 
water, and not susceptible of spontaneous decompo- 
sition. This is the mode of action of all the antiseptic 
substances which have been of late applied to wood, 
either in aqueous solution or in the form of vapour, 
as effectual preventives of decay. 

Corrosive sublimate, or chloride of mercury, is one 
of the most efficient of these antiseptic applications. 
It was proposed by Mr. Kyan* as a preventive of 

* The use of eorrosivc sublimate was previously suggested to tlie 
Adniiraity and Navy Board by Sir H. Davy; but, lliis substance bein^ 
aliglilly vululilc at common tciiipcraturcii, it was cunsidcred that ihe nt- 
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dry-rot, under the idea of its acting as a poison to 
the fangi aod insects which were the supposed cause 
of the disease. But this explanation of the action 
of corrosive sublimate is no longer tenable, as it is 
now generally admitted that the fungi and insects are 
not to be considered the origin, but the result, of 
dry-rot It lias l>een suggested that its action de- 
pends on the formation of a compound of lignin, or 
pure woody fibre, with corrosive sublimate, which re- 
sists decomposition in circumstances where pure lignin 
is liable to decay ; but pure lignin possesses no ten- 
dency to combine witii corrosive sublimate. The action 
of this substance is in reality confined to the albumen, 
with which it unites to form an insoluble compound 
not susceptible of spontaneous decomposition, and, 
therefore, incapable of exciting fermentation.* Vege- 
table and animal matters, the roost prone to decom- 

mosphere lurroiinding the prepared limbers might become vitiated, nud 
the proposal was not at tlmt time carried into execution. 

* A compound ^uitu uiniitar to, if nut identical with, tliat referred to 
in the text, is thrown down as a white precipitate when an aqueous 
solution of corroBive sublimate is mixed with a solution of white of egg 
in water. It is not, as was formerly supposed, a. compound of calomel 
with albumen, nor is it a direct combination of corrosive sublimste 
with albumcQ; but a mixture of two substances, namely, albuminate 
of tnercury, aiid muriate of ulbunicn. By washing the precipitate with 
(Hire wMer, the muriate of albumen may be separated from the pre- 
cipitale, and albuminate of mercury remains behind, mixed with a small 
ttHue of calomel formed by the reaction of a little phosphorus in the 
while of egg on the eonosive sublimate. If the solulion of corrosive 
■ukUmMe is mixed in large excess with the white of egg, the muriate of 
Hlbuuteu wtiioh is formed remains in solution. 

The albumiiule of mercury is quite insoluble in pure water, and so 
inen th»t the poisunoua effects of corrosive sublimate may be counter- 
acted by swallowing the whiles of several eggs immediately after the ex- 
hibiltun of the poison. It is soluble in water containing cliluride of 
Midiu>ii (and iberefore in sea-water), chloride of potassium, and muriate 
ol'lti 
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position, are completely deprived of their property 
of putrefying or fermenting by the contact of corrosive 
sublimate. It is on this account advantageously em- 
ployed as a means of preserving animal and vegetable 
specimens. Its espensiveness in this country is a 
great obstacle to its extensive employment, but few 
antiseptic applications are more effectual. In Mr. 
Kyan' s process the wood to be impregnated is sawed 
up into blocks or planks, and soaked for seven or eight 
days in a solution containing one pound of corrosive 
sublimate to five gallons of water. The impregnation 
is sometimes effected in an open tank, and sometimes 
in an air-tight vessel i'rom which the air is first ex- 
hausted by a pump as far as possible ; and the solution 
is then pressed into the pores of the wood under a 
force of about a hundred pounds to the square inch. 

To test the ef&cacy of Mr. Kyan's process, pro- 
tected and unprotected pieces of timber were placed 
in a trench in the Royal Arsenal at Woolwich in con- 
tact with putrefying vegetable matter, and with pieces 
of wood affected with dry-rot; and the trench was 
covered with horse-dung to increase the temperature 
and accelerate the decomposition. At the expiration of 
five years the protected wood was found to be unal- 
tered, while the same kind of wood, unprotected, became 
considerably affected before the end of the first year. 

The action of almost all beneficial materials for 
impregnating wood may be considered of the same 
nature as that of corrosive sublimate. 

The most ancient means of preserving wood consists 
in the application of an external resinous or oleagi- 
nous covering, by which air and water are effectually 
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excluded. If the wood is dry and in a sound state 
before the covering is applied, perfect protection might 
be tLus afforded, provided tlie wood is not exposed to 
abrasion. It is essential that the wood be made tho- 
roughly dry previous to the application of a protective 
varnisli, else its decay is hastened by the impediment 
which the varnish offers to the evaporation of the 
moisture. 

The more effectual method of impregnating the 
wood throughout its mass with a chemical preservative 
agent was not practised to any great extent until 
the last century. The principal substances which 
have been proposed for that purpose are the follow- 
ing. (See Mr. John Knowles's " Inquiry into the 
means which have been taken to preserve the British 
Navy, particularly from Dry-rot," 1821.) 
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Tar. 


Nitrate of potash. 


Sulphate of copper, 


Areenical pyrites water (contain- 


Sulphate of iron. 


ing arBenious acid). 


Sulphate of zinc. 


Peat-moss (containing tannin). 


Sulphate of lime. 


Creosote and cupion. 


Sulphate of mngueBiu. 


Crude acetate or pyrolignite of 


Sulphate of barytcs. 


iron. 


Sulphate of eoda, 


Peroxide of tin. 


Alum. 


0\iile of copper. 


CarbonatB of soda. 


Nitrate of copper. 


Carbonate of poiasli. 


Acetate of copper. 


Carbonate of barytes. 


Solution of bitumen in oil of 


Sulphuric acid. 


turpentine. 


Acid of tar (pyroligneous ociJ). 


Yellow chromate of potash. 


Common salt. 


Refuse lime-water of gas-works. 


Vegetable oils. 


Caoutchouc dissolved in naph- 


Animal oils. 


tha. 


Coal oil (naphtha). 


Drying oil. 


Hesins. 


Bees'-wax dissolved in turpen- 


Quicl-lime. 


tine. 


Glue. 


Chloride of zinc. 


Corrosive sublimate. 
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|l Sulphate of copper (blue vitriol), sulphate of iron 
' (green vitriol), and sulphate of ziuc have been em- 
ployed for a considerable time as preservatives against 
dry-rot. An objection to sulphate of iron, and es- 
pecially the persulphate, has been suggested by M. 
Bryant, in its property of being decomposed into the 
insoluble subsulphate of iron and free sulphuric acid 
by the woody fibre, which combines with the subsul- 
phate, while the free sulphuric acid exercises a corrosive 
action on the timber, and often causes it to become 
almost pulverulent. These inconveniences may be 
obviated by first injecting some oily material into 
the pores of the wood. In the process for preserving 
animal and vegetable matters from decay, patented 
by Mr. Margary in 1837, the wood, previously dried, 
is soaked in a solution of one pound of sulphate of 
copper in five gallons of water; and is allowed to 
remain in the liquid two days for every inch of its 
thickness. Instead of the above solution, another is 
sometimes made use of, composed of a pound of acetate 
of copper dissolved in fourteen quarts of water with 
two quarts of crude pyroligneous acid. Like chlo- 
ride of mercury, sulphate of copper acts by forming 
an insoluble and stable combination with albumen. 

Contact with alkalies and alkaline earths greatly 
accelerates the decay of wood, for these substances 
enable woody fibre and several other organic matters 
to absorb oxygen, which do not possess the power of 
themselves. Thus alcohol, which does not, if pure, 
absorb oxygen from the air at common temperatures, 
when mixed with potash, absorbs it with avidity, 
rbecoming converted into acetic acid, formic acid, and 
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other oxidated products. Several vegetable colouring 
matters, galHc acid, tannin, and other substances, are 
affected by alkalies in a similar manner. 

An experiment on the durability of timber seasoned 
with lime was made some years ago on a part of the 
frame-work and some of the timbers of the Amethyst 
frigate. At the expiration of ten years the prepared 
timbers were found to be in a worse condition than 
the unprepared. 

Alum efifectually counteracts the decomposition of 
the albuminous matter of the wood ; but it cannot be 
employed as a preservative material, from its decom- 
position, under the influence of the woody fibre, 
into the insoluble subsulphate of alumina, which 
attaches itself to the fibre, and free sulphuric acid, 
which exerts a corrosive action on the wood. The 
soluble subsulphate of alumina (basic alum) would be 
free from this objection to common alum, and, if made 
without excess of alkali, might probably be found ea 
efficient application. '^H 

The antiseptic property of common salt is not with- 
out an application in the preservation of wood. The 
durability of the beams and other timber-work in 
salt-mines is attributable to the action of the salt in 
restraining decomposition. If kept in a tolerably dry 
atmosphere, wood impregnated with a solution of com- 
mon salt resists decomposing agents for a considerable 
time, and It has been observed that ships employed 
in the salt-trade are more durable than most others 
built of the same kind of timber. For a first cargo 
for ships built along the shores of the Baltic the pre- , 
ference is generally given to salt. 
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But the deliquescent nature of this substance, in 
the state it is commonly met with, prevents its em- 
ployment as a preservative for wood intended for gene- 
ral purposes. For buildings, however, in which the tem- 
perature is usually high, wood thus prepared would be 
found durable and economical. Pure salt lias very 
little deliquescent property; that possessed by the salt 
met with in commerce is chiefly due to traces of 
chloride of calcium and chloride of magnesium. 

The durability of ships employed in the salt-trade 
has been referred to the thorough desiccation of the 
timbers by the hygroscopic property of common salt. 
More than ordinary durability is also ascribed to ships 
employed in conveying quick-lime ; an effect of lime 
which is hardly referable to any other mode of action, 
for the impregnation of the wood with lime-water 
would only facilitate its decay. 

The saturation of wood with vegetable and ani- 
mal oils, with a view to its preservation, has been 
practised in America to a considerable extent. This 
application of oil appears to have been known to the 
ancients, and was recommended by Dr. Hales in 1756. 
The imbibition of the oil by the wood is extremely 
slow, but the protection thus afforded is very consider- 
able. To facilitate the impregnation, it has been pro- 
posed first to expel the air and moisture in the wood 
by the application of heat; and, as a temperature 
approaching 600" Fahr. may be attained in an oil- 
bath, the oil has been made the medium of drying 
and expelling the air as well as of impregnating tlie 
timber; but the wood which had undergone this pro- 
cess was found to have diminished in tenacity, and its 
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fibres were easily separated from each other. (See 
Knowles's " Inquiry," before referred to.) 

In 1811 a proposal was made by Mr. Lukin to 
impregnate wood with the vapour produced from fixed 
oils, and extensive works were erected for preparing 
wood for Government purposes by such a process. 
But moat of the timbers submitted to the vapour 
became cracked, and rendered quite unfit for the con- 
struction of ships. The building in which the im- 
pregnation was effected, the length of which was 
thirty-two feet, and the breadth twelve feet, at last 
exploded ; but the trial was quite ailequate to prove 
the insufficiency of the process, 

From the general nature of the action of arsenious 
acid on animal and vegetable substances, its efficacy 
as a preservative material for wood may be assumed. 
Mundic water containing arsenic, produced by tbe 
oxidation, through the air, of arsenical iron pyrites in 
contact with water, was proposed for this pui'pose by 
Mr. Lukin in 1812; but the use of this material was 
abandoned from its injurious effects on the workmen, 
the death of two persons being produced through some 
preliminary experiments to determine the value of 
the process. 

The durability of wood is greatly increased by being 
impregnated with tannin, which acts on the albuminous 
matter in the same manner as corrosive sublimate. 
The preservation, for several ages, of large branches 
and trunks of trees imbedded in peat is wholly refer- 
able to this action of the tannin and analogous sub- 
stances contained in the peat. With a view of pro- 
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ducing in fresh oak-wood the same change which it 
experiences in bogs, it has been proposed to keep the 
wood surrounded for some time with peat-moss; but 
tiie experiments undertaken to test the efficiency of 
the process were failures, from the difficulty of carry- 
ing the impregnation to any extent. The wood which 
is taken from bogs, however, when exposed to tlie 
weather, becomes weak in the fibre, splits, and is 
soon impaired in quality (Mr. Knowles). 



The remarkable antiseptic property of creosote has 
suggested the application of this substance as a pre- 
servative for wood. Creosote is an unctuous liquid 
found among the products of the distillation of wood, 
and is contained in the tar of some kinds of wood to 
the amount of one-fifth or one-fourth of the weight of 
the tar. In an impure state creosote may be obtained 
by merely subjecting wood-tar to redistillation and 
rejecting the first products, but for its preparation in 
a pure state, a more complicated process is necessary, 
an account of which, together with the properties of 
this singular substance, will be found in the article 
on the products of the distillation of wood. 

The efficacy of tar as an ezternal application to 
wood may be principally referred to tlie action of 
the creosote and eupion which it contains on the 
albuminous matter in the wood, in the same man- 
ner as corrosive sublimate. With the view of effecting 
a deeper impregnation, it has been proposed to steep 
the wood in boiling tar; but exposure to a boiling 
Hquid for a short time has always the effect of dimin- 
ishing the tenacity of wood. On comparing the 
strength of two pieces of timber, one having been 
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l)oiIcd in tar, and the other in its ordinary state, but 
quite similar in other respects, the strength of the 
boiled timber was found to be one-seventh less than 
that of the unboiled. The wood, however, is rendered 
better capable of resisting decomposition, and suffers 
an increase in density and hardness. The process is 
expensive, and too tedious to be generally adopted. 

A patent has been obtained in this country by M. 
F. Moll for a method of impregnating wood with creo- 
sote by exposing it to the vapour of the oU of wood- 
tar, which is the product of the distillation of the tar. 

The first product which passes over when wood-tar 
is distilled consists for the most part of eupion. When 
the distillation has been carried so far that the pro- 
duct has about the same specific gravity as water, the 
receiver is changed, and some lime, or an alkali, is 
added to the distilled liquid to neutralize the free 
acid which it contains. On applying a much stronger 
heat to the tar, impure creosote distils over. 

The wood is exposed to the action of the vapours 
of eupion and creosote in a cast-iron chamber or 
tank, furnished with some means for applying heat 
by steam. The wood should be arranged vertically, 
if convenient; but if not, it shoidd rest on an iron 
grating, so that the vapour obtains free access to the 
surface of the wood. Before the timber is exposed to 
the tarry vapour, the tank is heated to a temperature 
about 90" or 100° Fahr. ; and, after some time, the 
water expelled from the wood is drawn off, and the 
vapour of eupion admitted by a pipe from a contigu- 
ous boiler. The timber is exposed, in the next place, 
to the vapour of creosote ; and is, lastly, soaked for 
some time in hot liquid creosote. ,^ 
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The length of time during which the wood should 

r be submitted to these successive operations depends 

[ entirely on its hardness and density. As a means of 

' estimating the progress of the different processes, it is 

recommended to attach to the tank a small test-cliam- 

ber containing a small piece of the same kind of wood 

as that in the tank. By observing the progress of 

the t«st, that of the large piece may be easily judged 

by an experienced workman. 

This process may be made, without doubt, an effec- 
tual means of preserving the wood from decay, but it 
would seem to be much too complicated and expensive 
for general adoption on the large scale. 

The use of the aqueous solution of creosote for pre- 
serving wood has been patented by Mr. Samuel Hall. 
One hundred parts of water at common temperature 
dissolve only about 1'25 parts of creosote. 

Peroxide and perchloride of tin, and oxide, chloride, 
and nitrate of copper, are preserving materials, for 
tiie use of which a patent was obtained by Mr. Richard 
Treffry in 1836. To impregnate (wood or any other 
vegetable material) with oxide of tin or oxide of cop- 
per, it is first soaked in a mixture of a pound of 
quick-lime with about four gallons of water, or else 
in a solution of a pound of soda-ash (containing about 
45 per cent, of alkali) in four gallons of water. When 
taken out of the alkaline solution, the wood is well 
washed, and, if convenient, dried. It is next dipped 
into another tank, containing a solution of either 
perchloride of tin, chloride of copper, or nitrate of cop- 
per. It is immaterial whether the wood is first im- 
pregnated with the alkali i>r the metallic solution, if 
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the superfluons liquid remaining on the surface after 
the first immersion is carefully removed. The me- 
tallic salt preferred by the patentee for wood is 
chloride of copper, a pound of which may be dis- 
solved in six pounds of water, and a sufficient quan- 
tity of the solution used to cover the timber com- 
pletely. When dry, the timber is ready for use. It 
is stated that the chloride, nitrate, and acetate of cop- 
per may also be applied to wood with advantage lij 
themselves. 

The use of a solution of bitumen in oil of turpen- 
tine, applied externally as a paint, has been patented 
by Mr, R. Newton. According to the specification of 
the patent, the method preferred for making the so- 
lution of bitumen is the following : — The bitumen is 
melted in an iron boiler heated by means of steam, 
and ten per cent, of common turpentine is added 
during the melting. Wlien fluid, seventy-five per 
cent, of oil of schistus, or other mineral oil is added, 
the mixture stirred, again heated, and afterwards 
poured out into an iron vessel to cool. When cold, 
there are added, first, twenty-five per cent, of com- 
mon turpentine, and afterwards ten per cent, of hy- 
drate of lime previously sifted and mixed with a small 
quantity of the liquid. This mixture is said to remain 
in a permanently liquid state at common temperatures. 



The use of a solution of yellow chromate of j 
as a preservative agent has been patented by Mr. 
John Bethell (July, 1838). The bichromate of potash 
would probably be found a more efficient preservative 
material than the yellow chromate, Mr. Bethell's 
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|<ateut also includes the applicLitioQ of the refuse Ume- 
iiater of gas-works; of a solution of caoutchouc in 
iiiiphtha or turpentine, alone, or mixed with rape-oil, 
coal-tar, or wood-tar; of a solution of bees'-wax in 
turpentine, and of drying oil and turpentine. ■ These 
iiiixturea are said to impart to the wood both dura- 
bility and impermeability to water. 

The process patented by Sir William Burnett in 
1838, for preserving wood and other vegetable mat- 
ters from decay, consists in impregnating them, in 
the ordinary manner, with a solution of chloride of 
zinc, containing one pound of the chloride to five 
gallons of water. The time required for the digestion 
of the wood in the solution at common atmospheric 
pressure varies from ten to twenty-one days, according 
to the thickness of the wood. Pieces of four inches 
in tliickness, or less, require ten days ; pieces of from 
four to eight inches require fourteen days ; and pieces 
above eight inches require twenty-one days. The tim- 
ber should be dried in a sheltered situation. It is 
recommended as an additional precaution that a paint 
composed of oxide of zinc and drying oil be applied to 
the wood externally. 

The protection from decay afforded to wood by 
chloride of zinc is said to equal that afforded by 
corrosive sublimate. Chloride of zinc is better adapted 
to the preservation of shipping than corrosive sub- 
limate, as the compound which oxide of zinc pro- 
duces with vegetable albumen is insoluble in sea- 
water, unlike the compound of oxide of mercury and 
vegetable albumen. Specimens of English oak, English 
elm, and Daiitzic fir remained perfectly sound for five 
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years in the fungus test-pit at Woolwich (see page 
187); but similar unprepared pieces introduced at the 
same time soon became affected with decay and fun- 
gus. The protection afforded to canvass and cordage 
by chloride of zinc appears to be greater than that by 
chloride of mercury. 

The impure mixture of acetate of peroxide and 
acetate of protoxide of iron (pyrolignite of iron or 
dyers' iron liquor), obtained by digesting rusty iron 
nails, &c. in the crude acetic acid afforded by the 
distillation of wood, is one of the most economical and 
efficient of preservative agents. It forms a stable 
compound with albumen; its acid, when free, exerts 
no corrosive action on the wood, and being volatile, 
may be easily expelled from the wood, if necessary, by 
the application of heat ; and, lastly, the crude acetate 
contains a considerable quantity of creosote (page 193). 
Vegetable matters which easily enter into a state of 
putrescence, as paste and pulps of carrot and beet- 
root, are rendered almost inalterable in the air by 
being soaked in a solution of the crude acetate. 

The iron liquor generally employed for preserving 
wood has the specific gravity 1'056. 

To determine the relative amount of protection 
from decay afforded by the most important of the 
preceding preservative agents to vegetable matters 
placed in the same conditions as to moisture and tem- 
perature, Dr. Boucherie instituted a set of experiments 
on wheat flour and pulp of beet-root, of which the 
following are the results. The experiments, which 
were all performed at the same time, consisted in 
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mixing equal weights of the vegetable matter, equally 
moist, with different quantities of the bodies the pro- 
tective power of which was to be determined. 

In all the experiments with wheat flour, 62 grammes 
were mixed with 30 grammes of water containing the 
preservative material in solution. A mixture of 
flour and water only, made for comparison, became 
completely covered with mould, and evolved a con- 
siderable quantity of putrid gas, on the eightli day 
after being made. 

Chloride of mercury. — Three experiments were per- 
formed with this substance, in which 2, 4, and 6 
decigrammes were dissolved in the 30 grammes of 
water for mixing with the flour. No alteration had 
taken place in either of the mixtures at the expiration 
of two months. 

Sulphate of iron. — In five experiments with sul- 
^late of iron, in which from 2 decigrammes to 2 
grammes were dissolved in the 30 grammes of water, 
the appearance of the mould was retarded only a few 
days. In each mixtiore it was complete on the twelfth 
day. 

Pyrolignite of iron. — In an experinent in which 1 
decigramme of dyers' iron liquor of specific gravity 
1-055 (11° Twaddell) was mixed with the usual quan- 
tity of flour and water, a slight mould appeared on 
the tenth day; with 2 decigrammes, on the twelfth 
day; with 3 decigrammes, on the fifteenth day; with 
4 decigrammes, on the twentieth day; with 5 deci- 
grammes and upwards no mould was perceptible up 
to the sixtieth day. 

Arscnious acid. — With 2 decigrammes of arsenious 
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acid some mould appeared on the thirteenth day; 
with 4 decigrammes, on the fifteenth day ; and with 1 
gramme, on the eighteenth day. With 2 grammes no 
decomposition was perceptilile up to the sixtieth day. 

Similar results were obtained in experiments with 
the pulp of beet-root. The decomposition of the pulp 
was completely prevented hy a decigramme of cor- 
rosive sublimate ; but a gramme and a half of either 
sulphate of iron, sulphate of copper, or sulphate of zinc 
only retarded the decomposition of the same quantity 
of pulp for a few days. A gramme of iron liquor and 
6 decigrammes of crude pyroligneous acid were found 
to be requisite for complete preservation. 



§ IV. MODES OF APPLYING PRESERVATIVE AGENTS. 

Until lately, the only method commonly prac- 
tised of conveying a preservative material to the 
interior of a piece of wood, consisted in steeping the 
wood in a solution of the substance, or else in expos- 
ing the wood to the vapour of the preserving body. 
A billet of wood placed on its end and covered with 
an aqueous solution gradually absorbs a considerable 
quantity of the liquid merely by the force of capillary 
attraction, aided by the pressure of the liquid column. 
But the impregnation is effected very unequally in 
this manner, certain parts of the wood presenting far 
greater facilities for the transmission of the liquid 
than others. Those parts near the axis, where the 
tissue is denser than towards tlie surface, are scarcely 
at all penetrated by the solutiou. 
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The impregnation also takes place with extreme 
slowness ; a piece of wood of about three feet three 
inches in length, and nine inches in diameter, con- 
tinued to absorb water and increase in weight after 
having been submerged in water for ten months. 

To obtain a more perfect and rapid impregnation 
of the wood, Dr. Boucherie" suggested the applica- 
tion of the aspirative force of the tree, the liquid 
being applied either to the base of the trunk or larger 
branches, or to the roots. It is indifferent whether 
the tree is still standing or recently felled. By 
this force, the liquid is absorbefl, in the course of a 
few days, to a height of eighty or a hundred feet, 
and even penetrates to the leaves.f 

To impregnate a tree recently felled, the base 

of its trunk may be placed in a vat containing the 

liBolution of the preserving material, or else a bag of 

lather or sheet caoutchouc may be fastened water- 

ght around the base and put in communication by 

iDeans of a pipe with a tank or cistern containing 

' * Annalade Chiniie el de Phi/sifjiie,t.\3iiiiv.llS, 
t + A patent was obtained by Mr. John Belhell for b process for im- 
[^regnating wood identical >□ most respccta with that of Dr. Uaucherie, 
the butt-end of tlio recently felled Itee being- placed in a tank contain- 
ing the Bolution, or else the solution is contained in a bag of WBter- 
pnxif cloth affixed to the end of the tree. The procesB was patented 
in July, 1S38, which wm previous to the publication of Dr. Boucherie's 

This method of impregnating wood has been fkvourably reported on 
by B commiBfion of the French Academy, coneisliog of MM. Dumas, 
Botiseingault, De Mirbel, Arago, Poncelet, Audouin, and Ganibcy; and 
extensive arrangements have been undertaken in France, by the Minister 
of Marine, for the application of the process to ihe preservation of wood 
I 'Jot the French navy. 
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tlic solution. A poplar of about ninety feet in height, 
the base of which was placed in the month of Sep- 
tember in a vat containing a solution of pyrolignitc 
of iron of specific gravity I'OSG, absorbed 3 hecto- 
litres (very nearly lO'G cubic feet) of the solution 
in the course of six days. 

The time which may be allowed to elapse between 
the felling of the tree and the impregnation varies 
according to the nature of the tree and the season 
of the year. At the end of September, a pine, the 
trunk of which was fifteen inches and a half in diame- 
ter, became perfectly impregnated, when put in con- 
tact with the solution, forty-eight hours after being 
felled. In the month of June, a plantain was also 
well penetrated after having been cut down for thirty- 
six hours. But the sooner the tree is put in contact 
with the liquid after being cut, the more energetic is 
tlio absorption. At the tenth day, the aspirative force 
is hardly sensible. 

As the tree should be maintained in a vertical 
position, its great weight may often become inconve- 
nient to sustain ; it is hence sometimes found more ad- 
vantageous to operate on the tree before it is wholly 
detached from its roots. 

To impregnate a standing tree, two deep notches 
may be made with a saw on each side of the trunk, 
into which two narrow wedges are to be inserted to 
support the tree ; or an auger-hole of two or three 
inches in diameter may be bored through the centre 
of the tree, and a horizontal cut made by a saw, right 
and left of the hole, enough of the outside being left 
to austaiu the tree. A bag of tarred leatlier or sheet 
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I caontchoDC is then fastened around the tmnk nbuve and 
bdow the notches, and placed in communication, by a 
pipe, with a cistern containing the preserving solution ; 
or else the solution may be containnd in a basin of 
well-tempered clay, large enough to hold two or three 
gallons of liquid, made around the base of the trunk. 
To avoid waste of the liquid, the tree may be stripped 
of its superfluous branches before being submitted 
to the process. A terminal tuft, however, should 
always be allowed to remain. 



The best season of the year for impregnating the 
tree, according to the experience of Dr. Boucherie, 
is the autumn. The impregnation is more difficult 
to effect in deciduous trees in spring than in winter 
or summer, but evergreens may be impregnated 
advantageously in winter. 

Different kinds of liquids are not absorbed with 
equal facility ; neutral solutions, for example, are 
absorbed more readily than either acid or alkaline. 
A plantain, the trunk of which was about twelve 
inches in diameter, absorbed in seven days two and 
a half hectolitres (very nearly 8"8 cubic feet) of a 
solution of chloride of calcium of specific gravity 
, 1?1095 (about 22° Twaddell). 

Pfc An objection to the process of impregnating trees 
'by vital absorption is, that it can only be executed 
in the sap season, which is limited to a few months 
in the year, and the cutting of the wood at this 
period is contrary to established practice. 

A simpler and equally effective method, by which 
mtxees may be impregnated at all seasons of the year, 



PfiESERVATIOH OF WOOD. 

hfis since been discovered by Dr. Boucherie, and also, 
independently, by Mr. W, H, Hyett, of Stroud, Glou- 
cestershire, whose Prize Essay on the best solutious 
for impregnating trees to impart durability, incom- 
bustibility, &c., in the Transactions of the Highland 
Scxiiety,* contains a great deal of highly valuable 
information. The process consists simply in invert- 
ing the newly felled tree, stripped of all superfluous 
branches, divided into convenient lengths, and, if 
necessary, sc[uared, and applying the preserving 
liquid to the butt-end of the tree, now the uppermost. 
The liquid may be contained either in a bag of 
impermeable cloth, adapted to the upper extremity, 
or in a cup hollowed out of the end of the tree. In 
most cases, the liquid quickly penetrates by the supe- 
rior extremity, and the sap flows out at bottom almost 
immediately. The operation is terminated when the 
liquid which issues from the bottom of the piece is 
the same as that introduced at top. With some 
woods, which contain a considerable quantity of gas 
in their pores, the flowing does not commence until 



It is remarkable that the most porous woods are 
not those whlcli are most easily penetrated. The 
poplar resists more than the yoke-elm and the 
beech; and the willow more than the pear- tree, 
the maple, and the plane. The ash, according to 
Mr. Hyett, completely resists the percolation of the 
liquid. 

I am informed by Mr. Hyett that in the month 
of May every part of the trunks of large beech- 
trees, with the exception of three or four years' 

* VoLviii. New Scries, 1843, p. 535. 
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growth iminediatel}' around the pith, admitted the 
solntion perfectly. At the same season, nine or ten 
inches in diameter of the heart-wood of Scotch fir-trees 
of about two feet in diameter resisted the liquids 
effectnally. 

The impregnation of timber which has been already 
seasoned or cut for some time is best attained by 
first exhansting all its pores of gas, and then intro- 
ducing the liquid under a considerable pressure. 
This method was patented by Mr. John Bethell in 
1838. 

The vessel in which the impregnation is effected 
is an air-tight iron tank of sufficient strength to 
withstand an internal pressure of two hundred pounds 
to the square inch. The circular wrought-iron boilers 
for high-pressure steam-engines are well adapted for 
the purpose. The tank is fitted with an air-tight 
lid or door, and with a common steam-boiler safety- 
valve, and is connected by one pipe with an exhaust- 
ing air-pump, and by another pipe with a pressure- 
pump for forcing the liquid into the pores of the 
wood. When the wood is introduced into the tank, 
it is nearly covered with the preserving liquid, and 
the tank is exhausted of its air. After a short time 
air is readmitted, and the liquid forced into the ex- 
hausted pores of the wood by the pressure- pump. 
In some cases the penetration of the liquid requires 
to be assisted by applying a gentle heat to the out- 
side of the tank; In others, the liquid enters readily 
after the exhaustion, without the assistance of pres- 
sui"e. The escape of air from the pores of the wood 
is expedited by placing the logs of wood in a per- 
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pendicQlar or slanting position, with their top ends 
above the surface of the liquid. 

The apparatus used for injecting wood with a 
solution of chloride of zinc (Sir William Burnett's 
patent), at the Portsmouth dock-yard, consists of ft 
cylinder of fifty-two feet in length, and six feet in , 
diameter, capable of containing about nineteen or 
twenty loads of timl)ei'. It is fitted out with a set 
of exhausting pumps, and a set of pressure-pumps, 
and has been proved up to 200 pounds to the 
square inch. 'When tlie cylinder is loaded, the air 
is exhausted to 27*5 inches of mercury, and the 
liquid is introduced by a pipe in connection with a 
reservoir. Air is then readmitted and pressure 
applied, and as the wood absorbs the fluid, the 
cylinder is again exhausted and the pressure re- 
newed, whereby the fluid is driven into every pore 
of the wood.'^^ ^^ 

§ V. OTHER EFFECTS OF THE IMPREGNATION OF wdo5 
WITH FOREIGN SUBSTANCES. 

Besides protection from decay, whether the wood 
be kept in a dry or humid state, the following effects 
may be produced by impregnation with certain foreign 
substances. 

1. The increase of the hardness of the wood ; 

2. The preservation and increase of the flexibility, 
elasticity, and strength of the wood ; 

3. The reduction of the combustibility of the wood ; 

4. The prevention of the expansion and contrac- 
tion of the wood, and the disjunctions which conse- 

» Uniteii Sen-iec Journal, April, 1843. 
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ijuently occur in buitdings tlu'ongli viU'iations in the 
iiyjrrometric condition of the atmosphere ; 

5. The application of various persistent colours 
iinii odours ; and 

(j. The increase of the density of the wood. 

1. From the effects of wood prepared with pyro- 
ligoite of iron (page 198) on cutting tools, its hard- 
ness has been estimated by workmen at double that 
of the unprepared wood. 

Of some specimens of beech impregnated hy Mr. 
Hyett, a carpenter considered that with acetate of 
copper to be the hardest ; those with common salt, 
yellow prussiate of potash, sulphate of copper, and 
corrrosive sublimate, to be next in hardness ; and those 
with pyrolignite of iron, sulphate of iron, and nitrate 
of soda, next. Of some specimens of prepared larch 
the hardest was that with pyrolignite of iron ; the 
next in hardness were those with sulphate of ii-on and 
corrosive sublimate ; and the next, those with acetate 
of copper, sulphate of copper, and prussiate of potash. 

2. The flexibility and elasticity of wood may be 
preserved any length of time, according to Dr. Bou- 
cherie, by slightly impregnating the wood with some 
deliquescent substance, as a dilute solution of chloride 
of calcium or chloride of magnesium, hy which a 
certain degree of humidity is always preserved in the 
wood, if exposed to the atmosphere. The solution 
preferred by Dr. Boucherie as the most economical 
is the ujother-liquor of the salt-works, which contains 
small quantities of each of the above chlorides. 

|-Jhe flexibility and elasticity are stated to be in 
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proportion to the quantity of saline matter intro- 
duced. A plate of pine-wood charged with tlie 
raotlier-Iiquor, of tlirt'e millimetres {-118 inch) in 
thickness and sixty ceutimetres (23-6 inches) in 
length, was capable of being bent iato three con- 
centric circles without being broken, and when al- 
lowed, would again become straight. Its flexibility 
and elasticity were found to be undiminished after 
the lapse of eighteen montlis. 

Wood which contains a small quantity of chloride 
of calcium or chloride of magnesium does not be- 
come dry by exposure to the sun in the middle of 
summer, and the little moisture lost by the wood 
during the day ia again absorbed at night The 
adherence of paints and resinous varnishes does not 
seem to be affected by the application of these de- 
liquescent substances. 

The mother-liquor of salt-works would of itself 
tend to preserve the wood from decay ; for security, 
however, it is recommended to add to the solution 
about a iifth part of the pyrolignite. 

But Mr. Ilyett has been led to conclude, from 
his experiments, that the flexibility of wood does not 
depend in all cases on the presence of moisture. 
Pieces of larch impregnated with acetate of copper 
and sulphate of copper were found to be far more 
flexible than a piece impregnated with chloride of 
calcium. To ascertain the flexibility and strength 
of wood impregnated with different substances, three 
specimens of each tree were planed down to an inch 
square, till they passed as accurately as possible 
through a gauge, and cut to the length of four feet. 
The lengths were then placed horizontally in a frame 
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EC! constructed that a weight suspended from the 
. middle could not vary its position from the irregular 
bending of the piece ; the ends were supported on 
props three feet apart. The weights were applied 
as marked in the following tables every half-minute, 
and the deflection at the end of the interval, and the 
breaking point, were noted for each weight. The 
tables shew the mean of the three observations for 
each piece. 
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II. DEFLECTION OF 
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Prom the results of Mr. Hyetfs experiments, con- 
tuned in the preceding tables, it appears tliat tlie 
strength of the wood may be greatly incriased or 
diminished by impregnation with foreign substances, 
and that it is most diminished by those substances 
which t&id most to preserve or increase the flexibility 
of the wood. In the case of beech, the greatest 
deflection with a weight of 112 pounds is produced 
by nitrate of soda, chloride of sodium, and sulpliate 
of copper; but the pieces impregnated with nitrat45 
of soda and chloride of sodium were tlie first to break, 
being onable to support a weight of 140 pounds; the 
piece with sulphate of copper broke next, under a 
weight of 161 pounds. On the other hand, the piece 
of beech which shewed least deflection with a giTcii 
weight, namely that impregnated with prussiate of 
potash, was the strongest, and able to support tlie 
weight of 288 pounds. 

It is to be observed that the flexibility and strength 
of larch and beech are not affected in a similar man- 
oer by the same substance, but the experiments on 
both kinds of wood lead to the conclusion that those 
prepared pieces which are deflected most by a given 
weight are those which are broken soonest on in- 
creasing the weight, and the reverse. 

The preceding tables also lead to the important 
sonclusion that the two different classes of trees, 
resinous and non-resinous, require very different treat- 
ment. In the beech, and probably all other non- 
resinous trees, prussiate of potash and pyrolignite 
of iron are the only agents which do not impair 
the strength of the wood in its natural state ; while 
i the larch, prussiate of potash and sulphate of cop* 
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per are tiie only substances which do not increase 
the strength of the wood. By far the greatest 
strength is imparted to beech by prussiate of potash; 
on larch, the same agent produces no alteration. 
Sulphate of iron diminishes the strength of beech, 
but considerably increases that of larch. Sulphate 
of copper and acetate of copper also diminish the 
strength of beecii, but not that of larch. 

For beech, the sulphates of iron and copper are 
not so beneficial as the corresponding acetates; this 
circumstance may be referred to the corrosiTc action 
which sulphuric acid exerts on woody fibre, especially 
on that of trees which do not contain any resin. 
Acetic acid exerts no such corrosive influence. 

Corrosive sublimate produces much the same effect 
on larch as on beech. The pp'olignite of iron may 
be considered the best single material to be applied 
to both kinds of trees, but prussiate of potash is de- 
cidedly the best for beech, and chloride of calcium tlie 
best for larch. 

3. The reduction of the inflammability and combus- 
tibility of the wood is not the least important of the 
effects attainable by impregnation with saline sub- 
stances, especially common salt, chloride of calcium, 
and chloride of magnesium. Not only is the in- 
flammability of the wood diminished, but its com- 
bustion, when fairly commenced, is rendered difficult 
by the access of air to the carbonized wood being 
impeded by the thin film of fused alkaline or earthy 
salt. 

Two huts, one built of prepared wood, and the 
other of unprepared, were set on fire at the same 
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time by applyiDg equal weights of the same lighted 
combustible matter. When the hut built of ordinary 
wood had become reduced to ashes, the interior sur- 
face of the other had hardly become carbonized (Dr. 
Boucherie). If perfectly dry, there appears to be 
little or no difference between the inflammability of 
prepared and unprepared wood. 

4. The expansions and contractions which wood 
often experiences through changes in the hygrometrio 
state of the atmosphere, and the consequent loosen- 
ing of joints which thereby occurs, may also be pre- 
vented or diminished by impregnation with some deli- 
quescent substance. According to Dr. Boucherie, 
wood containing a small amount of moisture is not 
subject to these changes in volume, and they may 
be entirely prevented by a little chloride of calcium 
or chloride of magnesium. A few large thin tables 
made of wood thus prepared underwent no change in 
form or size during a twelvemonth, while similar ta- 
bles in the same situation, made of unprepared wood, 
became exceedingly warped. The addition of a little 
pyrolignite of iron to the deliquescent substance is 
also recommended, to ensure durability. 

5. The colours which are most easily applied to 
wood by the aspirative process are those which are 
produced by double decomposition between two sub- 
stances in solution, the respective solutions being 
introduced into tlie wood consecutively. Thus, to 
produce a blue tint, the wood may be first impreg- 
nated with a solution of yellow prussiate of potash, 

P and afterwards with a solution of pei'sulphate of iron 
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or the same solutions may be applied in the reverse 
order. The tint in this case is derived from Prussian 
blue. A black tint may be imparted by introducing 
successively a solution of sulpbnret of sodium and 
a solution of acetate of lead, whereby sulphoret of 
lead is produced. Wood may also be stained blact 
by introducing an infusion of galls and pyrolignitc of 
iron, A green (Scheele's green) maybe applied by 
means of acetate of copper and areenious acid; a 
reddish bro^vn i(prusaiate of copper), by sulphate of 
copper and yellow prussiate of potash ; and a delicate 
yellow (chrome yellow), by acetate of lead and bi- 
chromate of potash. A solution of sulphate of cop- 
per, to which a slight excess of ammonia has been 
added, penetrates the wood with facility, and pro- 
duces an agreeable blueish tint. 

As the impregnation is not effected equally through 
the whole subatanoe of the wood, the tinting is not 
uniform, bat in veins and waves, which present an 
agreeable appearance when the wood is worked up 
and polished. 

According to Mr. Hyett, different solutions do not 
[jenetrate the same parte with equal facility. In 
applying acetate of copper and prussiate of potash 
to larch, it was observed that the sap-wood was 
coloured most, and the heart-wood least, when the 
acetate was introduced first. But when the prus- 
siate was first applied, the heart-wood became most 
deeply coloured. With sulphate or acetate of cop- 
per first, and pruasiate of potash next, beech may be 
made to appear very much like mahogany. Iodide 
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of lead and iodide of mercury cannot be applied to 
wood with advantage as colouring materials. 

Pjrolignite of iron alone produces in beech a dark 
grey colour, from the action of the tannin contained 
in the wood on the oxide of iron ; but in larch and 
Scotch fir it merely darkens the natural colour of the 
wood. Prussiate of potash alone produces a dingy 
green colour. The tints of most of these colouring 
materials, especially of the prussiates of iron and 
copper, are improved by exposure to light ; and the 
richest colours are obtained when the process is ra- 
pidly executed. (Mr, Hyett.) 

Vegetable colouring matters do not easily penetrate 
the wood by the asptrative process, probably on ac- 
count of the affinity of the woody fibre for the colour- 
ing principle, whereby the whole of the latter is 
abstracted from the solution by those parts of the 
wood with which it is brought at first into contact. 

Essential oils and other odoriferous matters may 
he easily introduced into the wood in a state of solu- 
tion in weak alcohol ; and the odours thus imparted 
are considered to be aa durable as those supplied by 
nature. Wood may also be impregnated with resin- 
ous substances in alcoholic solution, by which it may 
be rendered impervious to water, and far more in- 
flammable. 

6. The increase which wood experiences in density 
by being impregnated with foreign substances is 
shewn in the following tables drawn up from the 
experiments of Mr. Hyett. 
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SPECIFIC GEAVITY OF PREPARED BEECH. ■ 

No. in Table, Preparation. Specific pmUy 

',a ^\6 and 219. 

No, 28. Dried 2 years over Btove 681 

„ 26. Soaked in water 2 yean and dried in air 3 yeora 763 

„ 2. Nitrate of Bodii .". 809 

„ 7. Sulphate of iron 63! 

„ 17. Natural Btate (green) 840 

„ I. Corrosive sublimate 8M 9 

' „ S. Pyroiignite of iron St^jU 

„ e. Sulphate of copper ^3 

„ 3. Yelluw pruBfliate of potash 876 

„ 8. Chloride of sodium 888 

„ 9. Acetate of copper and vinegar S37 



SPECIFIC OBATITT OF PREPARED LARCH. 



No. in Table, Preparation. Specific ^ 

pagei 316 and 219. 

No. 24. Natural Btate (green) 4) 

„ 20. Sulphate of copper 6; 

„ 21. Corroaivc sublimate fi. 

„ 25. Yellow pnisaiate of potash 6i 

„ 22, Acetate of copper and vinegar 5i 

„ 13. Chloride of calcium fii 

„ 19, SulpliBlc of iron fi! 

„ 23. Pyroligiiiteofiron fi 
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The most important results of Mr. Hyett's espe- 
riments on the best materials for impr^Datiog wood 
'e embodied in the following table. 
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MATERIALS FOR PRESERVING WOOD. 


(IVsni. of the Highland Society.) 
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DYEING AND CALICO-PRINTING.* 

1 1. History of Dyeiug and Calioo-prindng. — II. General Properties of 
Vegetable Colouring Matters. — III. General Nature of Dyeing Pro- 
cesses. — IV. Cftlieo-printing ProcesseE. 

In the Tarious operations of dyeing and calico- 
ffinting are exhibited some of the most refined and 
ngenious applications of chemical science. Though 
[lany processes in these arts were practised for ages 
lefore any just views were entertained of the che- 
fiical nature of tinctorial substances, yet dyeing is 
.trictly a chemical art, and it cannot be properly 
inderstood without some acquaintance with the che- 
nical properties of the acting bodies. 

The great object of all dyeing operations is the 
mpregnation of a textile fabric with colotired sub- 
stances derived from animals, vegetables, and ml- 
leraJs, in such a manner as to render them incapa- 
ale of being removed by washing with water. The 
modes of effecting this object vary as greatly as the 
;oloTiring matters differ from each other in their 
;hemical habitudes. Though the chemical reactions 
which are exhibited in the various dyeing and priut- 

* For a considerable portion of the mnterials from whicli the present 
uticle is compiled, I am indebted lo Mr. Mercer, of the Oakenshaw 
[irint-worka, near Blackburn, and to Mr. John Graham, of the Mayiield 
tt-.works, Man cli ester. 
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ing processes are, for the most part, sufficiently in- 
telligible, yet they are sometimes of a highly com- 
plex character; and the theoretical principles of a 
few valuable processes, discovered accidentally, are 
even yet but imperfectly understood. 



§ I. niSTOKY OF DYEING AND CALICO-PRINTING. 

In the East Indies, in Persia, in Egypt, and in 
Syria, the art of dyeing has been successfully prac- 
tised from time immemorial. In the books of the 
Pentateuch frequent mention is made of linen cloths 
dyed blue, purple, and scarlet, and of rama' skins 
dyed red ; and the works of the tabernacle, and the 
vestments of the high-priest, were enjoined to be 
of purple. 

The place of antiquity where dyeing was most 
extensively carried on, as the general business of 
the inhabitants, was probably Tyre, the opulence 
of which city seems to have proceeded in a great 
measure from the sale of its rich and durable purple. 
This colour was prized so highly, that in the time 
of Augustus a pound of wool dyed with that ma- 
teiial cost, at Rome, a sum nearly equal to thirty 
pounds of our money. The Tyrian purple is now 
generiUly believed to have been derived from two 
difliirent kinds of shell-fish, described by Pliny under 
the names purpura and buccinum, and was ex- 
tracted from a particular organ in their throats to 
the amount of one drop from each fish. It is at 
first a colourless liquid, but by exposure to air and 
light becomes successively citron-yellow, green, azure. 
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red, and, in the course of forty-eight hours, a bril- 
liant purple. If the liquid is evaporated to dryness 
soon after being collected, the residue does not be- 
come coloured in this manner. Tlie purple is re- 
markable for its durability ; it resists the action even 
of caustic alkalies and most acids. Plutarch ob- 
serves, in his Life of AJesander, that, at the taking 
of Susa, the Greeks found in the royal treasury of 
Darius a quantity of purple stuffs of the value of 
five thousand talents, which still retained its beauty, 
though it had lain there for one hundred and ninety 
years. The properties of the colouring juices of shell- 
fish have been investigated by Cole, Gage, Plumier, 
Duhamel, and Reaumur, who have succeeded in pro- 
curing a purple dye, though inferior to what may be 
obtained by other dye-stuffs. 

It does not appear that the art of dyeing was 
much cultivated in ancient Greece. In Rome it 
received a little more attention; but very little is 
now known of the processes followed by the Roman 
dyers, such arts being held, by them, in too little 
estimation to be considered ,worth describing. The 
principal ingredients used by the Romans were the 
following: — of vegetable matters, — aUcanet, archil, 
broom, madder, nutgalls, woad, and the seeds of 
pomegranate and of an Egyptian acacia : of mineral 
productions, — copperas, blue vitriol, and a native 
alum mixed with copperas. 

The progress of dyeing, as of all other arts, was 
completely arrested in Europe, for a considerable 
time, by the invasion of the northern barbarians in 
dte fifth century. In the East the art still con- 
tinued to flourish, but it did not revive in Europe 
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until towards the end of the twelfth, or the begin- 
ning of the thirteenth century. One of the prin- 
cipal places where dyeing was then practised was 
Florence, where it is said there were no less than 
two hundred dyeing estahlishments at work in the 
early part of the fourteenth century. One of the 
Florentine dyers having ascertained, in the Levant, 
a method of extracting a colouring matter from the 
lichens which furnish archil, introduced this ma- 
terial into Florence on his return; by its sale he 
acquired an immense fortune, and became one of the 
principal men of the city. 

The discovery of America tended greatly to the 
advancement of the art, as the dyers became supplied 
from thence with several valuable colouring materials 
previously unknown in the old world; amongst which 
are logwood, quercitron. Brazil-wood, cochineal, and 
annatto. A great improvement in dyeing also took 
place about the year 1560, which consisted in the 
introduction of a salt of tin as an occasional sub- 
stitute for alum. With cochineal, the salt of tin 
was found to afford a colour far surpassing in bril- 
liancy any of the ancient dyes. The merit of this 
application is attributed to Cornelius Drebbel, a 
Dutch chymist, whose son-in-law established an ex- 
tensive dye-house at Bow, near London, about the 
year 1563. 

About the middle of the sixteenth century, log- 
wood and indigo began to be employed in Europe as 
dyes, but not without considerable opposition from 
the cultivators of the native woad. The use of log- 
wood was prohibited, in England, by Queen Eliza- 
beth, by a very heavy penalty, and all found in the 
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country was ordered to be destroyed. Its use was 

not permitted in England till the reign of Charles 
the Second. Indigo, one of the most valnable and 
important of dye-stuffs, was also forbidden to be 
used in England and on the Continent, and denounced 
as "food for the devil." 

These, and similar prejudices, were gradually sur- 
mounted, and in the eighteenth century the art of dye- 
ing made very considerable progress. Madder, from 
which the colour known as Turkey or Adrianople 
red is produced, then began to be properly appre- 
ciated ; and quercitron, a fine yellow dye, was brought 
extensively into notice by Dr. Bancroft. But the 
chief improvements of the moderns in this art con- 
sist in the employment of pure mordants, and in 
the application of colours derived from mineral com- 
pounds, as peroxide of iron, Prussian-blue, chrome- 
yellow, chrome-orange, manganese-brown, &c. Each 
of these colouring matters may be obtained as an in- 
soluble precipitate on mixing together two solutions : 
in the dyeing processes the proper solutions are made 
to mix and produce the precipitate within the fibre, 
by impregnating it first with one solution, and af- 
terwards with the other. As the precipitate thus 
produced is imprisoned within the fibre, it is not 
removable by mere washing with water. 

The mode of dyeing Turkey red, which is the 
most durable vegetable colour known, was discovered 
in India. It was afterwards practised in other parts 
of Asia and in Greece ; and, about the middle of last 
century, dye-works for this colour were established 
near Kouen and in Languedoc by some Greek dyers. 
In 1765, the French government, convinced of the im- 
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portancc of the process, caused an account of it to be 
published; but it was not introduced into this country 
until the enil of last century, when a Turkey-red 
dye-house waa established in Manchester by M. Bo- 
relle, a Frenchman. M. Borelle obtained a grant 
from Government for the disclosure of his process, 
but the method, which was published, does not seem 
to have been very successful. A better process was 
introduced into Glasgow about the same time by 
another Frenchman, named Papillon. Previous to 
this, however, Mr. Wilson of Ainsworth, near Man- 
chester, had obtained the secret from the Greeks of 
Smyrna, and published it in two essays, read before 
the Literary and Philosophical Society of Manchester ; 
but the process was said to be expensive, tedious, 
and less applicable to manufactured goods than to 
cotton in the skein. The greater part of the Turkey- 
red dyeing executed in this country is still carried on 
in the Glasgow district. 

The ancients seem to have attained considerable 
proficiency in the art of topical dyeing, or of pro- 
ducing coloured patterns on cloths. The variegated 
linen cloths of Sidon are noticed by Homer, who 
lived nine hundred years before Christ, as very 
magnificent productions. In India the art of im- 
piirting a coloured pattern to a cotton fabric has 
been practised with great success from time imme- 
morial, and it derives its English name of calico- 
printing from Calicut, a town in the province of 
Malabar, where it was formerly practised on a very 
considerable scale. According to Herodotus, who 
wrote more than four hundred years before Christ, 
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the inhabitants of Caucasus adorned their garments 
with representations of various animals by means of 
an aqueous infusion of the leaves of a tree ; and the 
colours thus obtained were said to be so fast as to 
be incapable of being removed by washing, and as 
durable as the cloth itself. The material of which 
liie cloths were made is not stated, but they were 
probably woollen, as that part of Asia was then, as 
at present, celebrated for the superior quality of its 
wool. 

From the following account by Pliny of the nature 
of the process of topical dyeing practised by the 
ancient Egyptians, it would appear that this people 
had attained such proficiency in the art, as could 
only have been originally acquired by extensive prac- 
tice and close observation. 

" An extraordinary method of staining cloths is 
practised in Egypt. They there take white cloths, 
and apply to them, not colours, but certain drugs 
which have the power of absorbing or drinking in 
colour; and in the cloths so operated on there is not 
the smallest appearance of any dye or tincture. 
These cloths are then put in a cauldron of some 
coloxu'ing matter, scalding hot, and after having re- 
mained a time are withdrawn, all stained and painted 
in various colours. This is indeed a wonderful 
process, seeing that there is, in the said cauldron, 
only one kind of colouring material ; yet from it the 
cloth acquires this and that colour, and the boiling 
liquor itself also changes, according to the quality 
and nature of the dye-absorbing drugs which were 
at first laid on the white cloth. And these stains 
or colours, moreover, are so firmly fixed as to be 
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incapable of being removed by wasliing. If the 
scalding liquor were composed of various tinctures 
and colours, it would doubtless have confounded them 
all in one on the cloth; but here one liquor gives 
a variety of colours, according to the drugs previ- 
ously applied. The colours of the cloths thus pre- 
pared are always more firm and durable than if the 
cloths were not dipped into the boiling cauldron." 
(Pliny, Hist. Nat, lib. xxxv. cap. 11.) In as few 
words the principle of the common operations of 
calico-printing could hardly be more accurately 
described. I 

The pallampoors, or large cotton chintz countCT- 
panes, made in the East Indies from a very early 
period, have similar dye-absorbing drugs applied to 
them by the pencil, and certain parts of the cloth 
are coated with wax to prevent the absorption of 
colour when immersed into the vessel containing the 
dye. 

The topical dyeing of cotton goods seems to have 
been practised for a considerable time in Mexico. 
When Cortez conquered that country, he sent to 
Chiirles V. cotton garments with black, red, yellow, 
green, and blue figures. The North American In- 
dians have also been for a long time in possession 
of a mode of applying patterns in different colours to 
cloth. 

The art of calico-printing does not appear to have 
been much practised in Europe until the close of the 
seventeenth or the beginning of the eighteenth cen- 
tury, when Augsburg became famous for its printed 
cottons and linens. From that citv the manul 
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[ tares of Alsace and Switzerland were long supplied 
sith colour-misers, dyers, &c. The first print- 
ground in England was founded by a Frenchman on 
the banks of the Thames near Richmond, and soon 
I afterwards a more considerable one was established 
at Bromley Hall in Essex. Several others were 
some time afterwards founded in Surrey, in order to 
supply the London shops with chintzes, the impor- 
tation of which from India had been prohibited by 
an act of parliament passed in 1700, on account of 
the excessive clamours of the sCk and woollen weavers. 
Though merely intended as a protection to the Eng- 
lish silk and woollen manufacturers, this act bad the 
effect of greatly stimulating and increasing the infant 
art of calico-printing ; for the demand for printed 
calicos and chintzes could then be gratified only by 
printing, in this country, white Indian calicos, the 
importation of which was still allowed under a duty. 
An excise duty of threepence per square yard was 
imposed on the printed calicos in 1712, which was 
increased to sixpence in 1714; but the importation 
of calico being still considerable, a new alarm was 
raised, and a law enacted in 1720, which prohibited 
the wearing of all printed calicos whatever, whether 
of foreign or home production. The operations of 
the printer were then confined to the printing of 
linens. 

The oppressive and absurd act of 1720 was re- 
pealed in 1730; but the calicos then permitted to 
be printed were to have the warp of linen and 
merely the heft of cotton, and were subject to a duty 
of sixpence per square yard. With such discourage- 
ments, the progress made in calico-printing was ex- 
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tremdy slow : so lately as the middle of last century 
it was computed that only fifty thousand pieces of 
the mixed cloth were printed annually in the whole 
of Great Britain ; whereas, at the present time, se- 
veral manufacturers turn out as much as three and 
four hundred thousand pieces per annum each. The 
part of the act of 1730 by which the warp was re- 
quired to be made of linen yarn was repealed in 
1774; but the printed calicos were still subject to a 
duty of threepence-halfpenny per square yard, the 
repeal of which, in 1831, has been of the utmost 
advantage both to the manufacturer and the con- 
sumer. 

The wonderful developement which calico-printing 
has received within the last half-century is to be 
attributed, in a great measure, to the adaptation of 
numerous ingenious mechanical inventions. The im- 
provement in patterns, and the reduction in the price 
of cotton prints during this period, are striking illus- 
trations of the advancement which has been made 
in machinery. The first improvement on the ori- 
ginal wooden hand-printing block,* which is quite 
similar to the block of a wood-engraving, consisted 
in the substitution, for some styles of work, of copper 
plates, about three feet square (similar to those em- 
ployed for printing engravings on paper), on which 
a much more delicate pattern could be engraved 
than on wood. The colour being laid on the cop- 
per plate, and the superfluous colour removed by a 
thin steel scraper, the plate was passed with the 

* A di:scriptioii of tlic vatious modee of printing cloths now practised 
will be found in onotLtr ]>6« of the prcEciit article. 
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doth through a press similar in principle to tliat 
of a copper-plate printer. The engraving of the 
plate was executed either by a common graver or 
by a punch. 

The greatest mechanical improvement ever effected 
in this art was the invention of cylinder or roller 
printing, which is said to have been first made by a 
calico-printer at Jouy in France, named Oberkampf, 
m whose hands alone it remained for some time. The 
invention appears also to have been made independ- 
ently by a Scotchman of the name of Bell, and was 
first successfully applied in the large way about the 
year 1785, at Monsey near Preston. Cylinder print- 
ing has received its greatest developement in Lan- 
cashire; and the perfection to which the process 
has been there brought is the chief cause of the 
admitted snperiority of our calico-printing establish- 
ments over those on the Continent, where cylinder 
printing is comparatively but little practised. 

Printing by the cylinder is executed with not only 
greater accuracy than by the wooden block, but with 
a saving of time and labour almost incredible. One 
cylinder machine, attended by one man to regulate 
the rollers, is capable of printing as many pieces as 
a hundred men and a hundred girls could with the 
hand-block during the same time; or as much work 
may be executed by a cylinder machine in four 
minutes aa by the ordinary method of block-printing 
in six hours. A length of calico equal to one mile 
has been printed off with four different colours in a 

igle hour. 

The successful application of an engraved copper 

'linder was followed by that of a wuoden roller 
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having the pattern in relief, the mode of printing 
by which is known as " surface printing." The 
"union" or " mule machine," which is a combination 
in one machine of the engraved copper cylinder with 
the wooden roller in relief, was invented about 1805 
by Mr. James Burton of Church, near Blackburn. 

One of the most important of recent improvements 
in the mechanical department of calico-printing is, 
a very ingenious method of executing block-printing 
with several colours by press-work in an arrange- 
ment similar to one of the modern type-printing 
machines. (An account of this mode of printing is 
contained in another section of the present paper.) 
Another important modern improvement, more par- 
ticularly adapted to the press- machine, consists in 
the substitution of stereotype blocks made of a mixed 
metal, tin, lead, and bismuth, in the place of the 
wooden block. 

During the last century the chemical principles 
of dyeing and calico-printing were investigated by 
Dufay, Hellot, Bergmann, Macquer, and Berthollet, 
and numerous and valuable improvements were sug- 
gested by some of their researches. The application 
of chlorine, by Berthollet, to the bleaching of tis- 
sues, especially cotton and flax, contributed in no 
small degree to the advancement of these arts ; it is 
during the present century, however, and from the 
researches of numerous chemists still living, that they 
have received the most essential assistance from che- 
mistry. The chief improvements introduced by the 
moderns consist, as already observed, in the ap- 
plication of colours derived from mineral substances. 
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Among the earliest introduced of this class of bodies, 
were iron huff and Scheele's green, which were fol- 
lowed by antimony orange (first applied by Mr. 
Mercer) and Prussian blue. The two chiomates of 
lead (chrome-yellow and chrome-orange) were nest 
introduced by M. KoBchlin of Mulhausen in 1821, 
and a few years afterwards Mr. Mercer first applied, 
ou the large scale, the peroxide of manganese, known 
as mangauese bronze. 



§ II. GENERAL PROPERTIES OF VEGETABLE COLOURING 
MATTERS. 

By far the greater number of the colouring mat- 
ters employed in the art of dyeing are derived from 
vegetables, but the animal and mineral kingdoms also 
contribute a small number. Colouring principles 
are abundantly distributed over all the organs of 
vegetables, but never in a state of purity ; they 
are always mixed, more or less, with other sub- 
stances, and their isolation in a pure state often re- 
quires very complicated processes. Only a small 
number, comparatively, of these substances have as 
yet been obtained sufficiently pure to have their 
chemical composition determined. Like almost all 
other vegetable principles, they are composed either 
of carbon, hydrogen, and oxygen, or else of the 
preceding elements together with nitrogen, and have 
received particular designations derived in general 
from the names of the plants by which they are 
furnished. The most common colour of the vege- 
I table kingdom is green, but sis the substance 
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which gives rise to this colour in leaves and trees 
is of an unctuous nature, it cannot be easily applied 
to cloth: to obtain a green, the dyer generally has 
recourse to the admixture of a yellow with a blue co- 
louring matter. It is remarkable that the most vivid 
and brilliant of vegetable colours, namely, those of 
flowers and other parts of the plant exposed to solar 
light, are so small in quantity, and so fugitive, that 
they are of all the most difficult to isolate. In the 
organs which are protected from the light, as the 
interior of stems, branches, and roots, the colouring 
matters are generally devoid of all brilliancy, but 
when separated from the accompanying substances, 
they exhibit considerable lustre, and are by far the 
most durable. 

Nearly all the colouring matters of plants which 
are capable of being isolated are yellow, brown, and 
red ; the only blue substances which have been pro- 
cured fi-om plants are indigo and litmus, and no black 
vegetable substance, strictly speaking, has ever been 
isolated. 

As a particular class of bodies, vegetable colour- 
ing matters du not possess many chemical characters 
in common; they are associated rather on account 
of their common application in the arts, than from 
the possession of similar properties. Most of them 
are entitled to be ranked among acids, but others 
are strictly neutral. By far the greater number of 
them are soluble in water, and always in larger pro- 
portion in hot than cold water. Those which are 
tnsohiblu in water generally di^olve in alcohol, ^her, 
aod fixed oils. 
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In dry air, vegetable colouring matters appear to 
be permanent, but in humid air, and especially under 
the influence of the solar rays, they gradually lose 
colour, and become converted, by the absorption of 
oxygen from the air, into yellowish brown or co- 
lourless compounds. The ultimate action of air or 
oxygen on organic colouring matters in the presence 
of moisture, is to convert their carbon into carbonic 
acid, and their hydrogen into water. Solutions of 
organic colouring matters in water are acted on by 
oxygen with far greater facility than the dry co- 
lours. 

The colour of some of these bodies is changed in a 
Tsry remarkable manner by the application of acids 
and alkalies. The blue colour of most flowers, that 
of the flowers of the violet, for instance, is rendered 
red by acids, and green by alkalies. The purple 
infiision obtained by boiling red cabbage in water 
is affected in a similar manner; acids produce with 
it a lively red, and alkalies a full green. If the dried 
petals of the red rose are digested in spirits of wine, 
or hot water, they lose their colour without affording 
any, or at moat only a trace of colour to the liquid. 
On adding a few drops of sulphuric acid, however, 
the liquid immediately acquires a fine red colour, and, 
if a slight excess of an alkali is afterwwards added, 
it becomes green. The change from red to green 
may be produced indefinitely. The purple colour 
of litmus is rendered red by an acid, and blue, not 
green, by an alkali. 

Some animal and vegetable colouring matters must 
mdoubtedly be regarded as neutral bodies, that is, 
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as possessing neither the characters of an acid nor'l 
those of a base ; but most of them, particularly such 
as are soluble in water, have all the essential cha- 
racters of a weak acid, being capable of uniting with 
and neutralizing salifiable bases, as potash, soda, lime, 
magnesia, alumina, &c. This tendency to combina- 
tion is not confined, as some have supposed, to soluble 
colouring matters and insoluble bases; but the anion 
is more obvious in such cases, as the resulting com- 
pound is always insoluble, while soluble bases usually 
form soluble compounds with soluble colouring matters. 

For alumina and certain metallic peroxides, espe- 
cially peroxide of iron and peroxide of tin, some 
organic colouring matters possess an energetic at- 
traction. The pigments commonly called lakes 
are insoluble compounds of colouring matters with 
alumina or oxide of tin, which may be formed by 
mixing a solution of alum or of perchloride of tin* 
with the infusion of the dye-stuff, and adding after- 
wards an alkaline carbonate to liberate peroxide 
of tin or alumina: as the latter precipitates, it 
unites with and carries down the colouring mat^ 
ter in solution, frequently leaving the supernatant 
liquid entirely colourless. The infusion of the dye- 
stuff is sometimes made with an alkaline liquor, and 
mixed witli a solution of alum after being filtered. 
In this way yeUmo lake is made with a decoction of 
turmeric, and aunatto and quei-citron lakes from the 
respective dye-stuffs. 

Important applications are made in dyeing and 
ciilico-priuting uf the attraction which exists between 
alumina and metallic peroxides on the one hand and 
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organic colouring principles on the other. By first im- 
pregoaling a piece of cloth with alumina, green oxide 
I of chromium, peroxide of iron, or peroxide of tin, and 
&en dipping it into the infusion of the dye-stuff, the 
colouring matter leaves the solution to unite with 
the base, forming an insoluble compound, whereby 
it becomes strongly attached to the tissue, and is 
rendered less susceptible of alteration by the air, the 
solar rays, and other decomposing agents. 

The attractive force of colouring matters for in- 
soluble bases has been regarded by some as a mere at- 
traction of surface, analogous to, if not identical with, 
the force of cohesion or adhesion, being the same as 
the attractive power by which charcoal is enabled to 
withdraw colouring substances from their solutions, 
and also the same as that by which a solid body 
condenses a permanent gas upon its surface. Tbis 
mechanical attraction, which always exerts itself be- 
tween a solid on the one hand, and a substance in 
solution or a gas on the other, depends entirely on 
the state of the surface of the solid, and is in no 
way connected with the chemical relations of the 
combining substances. 

But the combinations of alumina, &c. with solu- 
ble colouring matters seem to be cases of true che- 
mical combination, taking place in definite propor- 
tions, and under the influence of different degrees 
of attractive force for different colouring principles. 
Thus, alumina has a stronger attraction for the co- 
louring principle of madder than for that of logwood, 
and a stronger attraction for that of logwood than 
L^r that of quercitron. When a piece of cloth im- 




pregnated with alumina is immersed in a decocti(n 
of quercitron bark, it acquires a fast yellow colour; 
if the same cloth is washed for some time and kept 
in a hot decoction of logwood, the alumina parts 
with the colouring principle of quercitron to com- 
bine with that of logwood, and the colour of the 
cloth becomes changed from yellow to purple. K 
the same cloth is next immersed for a few hours in 
a hot infusion of madder, the alumina parts with 
the colouring principle of logwood to unite with that 
of madder, the colour of the cloth changing from 
purple to red. The quantity of alumina on the cloth 
does not appear to diminish while these substitutions 
are taking place. These interesting facta were com- 
municated to me by Mr. John Thorn of the Mayfield 
print-works. 

By contact with chlorine, and in presence of a 
little moisture, the colour of most, but not all, ve- 
getable and animal dye-stuffs is instantly destroyed; 
the organic substance is decomposed, being com- 
monly converted into colourless products, from which 
the original colour cannot be reproduced by any 
known process. In at least one case, however, which 
is that of indigo, the colour is reproducible after 
having been discharged by chlorine, provided the 
quantity of chlorine applied to tlie indigo has been 
no more tlian sufficient to change the blue colour 
to a buflF, and not enough to destroy all colour. The 
rich crimson colour into which some preparations of 
indigo are changed by chlorine is also convertible 
into blue, though not to so deep a shade as the origi- 
nal indigo (Mr. Mercer). 
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In most cases of the destruction of vegetable co- 
lours by chlorine, tlic decomposition is effected, with- 
out doubt, through the powerful affinity of chlorine 
for hydrogen, which may be manifested in two ways ; 
1st, in the direct abstraction of hydrogen from the 
organic substance, and, 2ndly, in the decomposition 
of water, the hydrogen of wliich unites with the 
chlorine to form hydrochloric acid, while the oxygen 
of the water decomposes the colouring matter, form- 
ing carbonic acid with its carbon, and water with 
its hydrogen. Chlorine does not bleach readily in 
the absence of aU moisture, and hydrochloric and 
carbonic acids may generally be discovered among 
the prodacts. In a few cases, however, the bleach- 
ing action of chlorine simply consists in the direct 
combination of the chlorine with the colouring mat- 
ter to form a compound which is devoid of colour. 

Chromic acid is another powerful bleaching agent, 
which acts by affording oxygen to the colouring 
matter, becoming itself reduced to the state of green 
oxide of chromium. The colour of the vegetable 
substance is even more readily destroyed than if 
chlorine had been applied. 

Most vegetable colouring matters are also bleached 
by sulphurous acid in the presence of water. The 
action of this substance is not so energetic as that 
of chlorine, and differs from it essentiaUy in the cir- 
cumstance that tlie colours are uot entirely destroyed, 
but may in general be restored by exposure to the 
air, or by the application of a stronger acid or an 
alkali. 
It is uncertain whether the bleaching power of 
Iphurous acid depends on the partial deosidation 
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of the colouring matter, or on the onion of the sul- 
phurous acid with the colouring matter to form s 
colourless combination- 
Charcoal has also been classed among bleaching 
agents, as it readily withdraws colouring matters 
from their solutions, frequently leaving the super- 
natant liquid entirely colourless. The charcoal which 
absorbs colouring matters with most avidity is that 
obtained by the calcination of bones and other animal 
matters, the superiority of which seems to depend 
merely on its minute state of division, whereby the 
contact of the liquid and charcoal is rendered more 
perfect. The action of charcoal in bleaching vegetable 
infusions is altogether different from that o^ chlorine, 
and also from that of sulphurous acid. The colouring 
matter is not decomposed, but is merely mechanically 
attached to the surface of the charcoal, without having 
experienced any chemical alteration whatever. 

When brought into contact with deoxidizing agents, 
several organic colouring matters part with a portion 
of their oxygen, and at the same time lose their 
colour. But if afterwards exposed to the air, or 
any source of free oxygen, the deoxidized bodies re- 
assume oxygen, and with that element their original 
colour. The coloured bodies would therefore appear 
to be compounds of oxygen with a colourless radical. 
The alternate reduction and oxidation may be prac- 
tised on the same substance indefinitely. As ex- 
amples of colouring matters susceptible of these 
changes, may be mentioned litmus, logwood. Brazil- 
wood, sapanwood, peachwood, red beet-root, and the 
red-cabbage. The moat convenient deoxidizing agents 
to be employed in such experiments are the following : 
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1°. A mixture of graiiulated or feathered tin iiud 
a caustic alkali. 

2°. Protoxide of iron, or protoxide of tin, recently 
precipitated, and still moist. 

3°. Hydrogen gas, applied in the nascent state, by 
introducing a piece of zinc or iron into the infusion 
of the colouring matter, rendered acid by the addi- 
tion of muriatic or sulphuric acid. 

4°. Sulphuretted hydrogen gas, a stream of which 
may be passed through the coloured infusion, or the 
latter may be agitated in a jar containing the gas. 
As the colour disappears, a whitish precipitate of 
sulphur is produced. 

5°. Double metallic sulphur salts containing an 
alkaline sulphui-et, such as the sulphuret of arsenic 
and potassium (sulpharsenite of potash). 

It is worthy of note that the colourless or white 
radicals of Brazil-wood, logwood, sapanwood, &c. do 
not unite with alumina and metallic peroxides to 
form insoluble compounds or lakes, like their oxides, 
ur the true colouring matters. 

Other vegetable colouring principles than those 
above mentioned become converteil into colourless 
substances when exposed to the action of deoxidizing 
agents, but the chemical change which some of tiiem 
suffer appears to be the acquisition of hydrogen in- 
stead of the yielding up of oxygen. When exposed to 
the air or other source of free oxygen, this hydrogen 
is removed, and the original colour returns. Indigo is 
one of the colouring matters susceptible of such changes. 

Several colouring principles are contained in the 
plants from which they are derived in their white. 
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deoxidized, or hydmretted state. Socb is the cose, , 
for example, with indigo. That suj^stance does Dot 
exist in the blue or debjdruretted state in the plant 
by which it is furnished, but as whit£ indigo, or indi- 
gotin, the colourless hydruret of indigo blue. Most 
vegetable juices, the recent pulp of fruits, detachfti 
leaves, &c. become coloured brown and yellow by 
exposure to the air, from the absorption of oxygen. 
If carefully kept in a vessel of some gas devoid of 
free oxygen, such bodies experience no change in colour. 

Colouring matters have the property of uniting 
with animal and vegetable tissues, by virtue of an 
attraction of surface quite similar to that by which 
they unite to animal charcoal. When well-scoured 
wool or silk is digested in a decoction of cochineal, 
logwooil, or Brazil wood, or a solution of sulphate of 
indigo, it abstracts the colour so completely as to 
leave the liquid colourless, as if animal charcoal had 
been introduced. The affinity of vegetable tissues 
for colouring matters is in general not so great as 
thatof animal tissues for the same substances. The 
vegetable fibre readUy combines with a colouring 
material ; but unless the latter is insoluble in water, 
the combination is exceedingly feeble. A familiar 
example of the affinity of the vegetable fibre for 
organic colouring matters is presented in the stain- 
ing of a linen napkin by red wine. The portion 
of the cloth on which the wine falls soon abstracts 
the whole colour from the liquid, becoming dyed red; 
but beyond the spot thus produced, the cloth he- 
comes moist without acquiring an appreciable co2our, 
the wine having been deprived of all its colour by 
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the portion of the cloth with which it came first into 
contact. The attractive force by which this result 
is obtained must not be considered as peculiarly sub- 
sisting between tissues and organic colouring matters, 
as many mineral substances are withdrawn from their 
solutions by tissues in quite a similar manner. Thus, 
cotton cloth readily separates lime from lime-water,* 
and the insoluble sulphate of alumina from an aqueous 
solution of basic alum. 

Vegetable and animal colouring principles are di- 
visible into two classes, with reference to their so- 
hibility or insolubility in water. Those which are 
soluble readily attach themselves to tissues, but only 
with a feeble affinity, as they may be separated by 
continued washing in water, especially with the as- 
sistance of heat. Logwood, madder. Brazil-wood, 
cochineal, and, in fact, the greater number of dye- 
stuffs, belong to this class. To unite them firmly to a 
tissue, another substance is applied, which possesses 
the property of forming an insoluble combination 
with the colouring matter. Those colouring matters 
which are of themselves insoluble, or but slightly 
soluble in water, generally form, as might be ex- 
pected, much faster combinations with tissues. In- 
digo, annotta, safflower, and such yellow and brown 
dyes as contain tannin combined with substances of 
the nature of apoth^me, are the principal members 

■* Tlie BCparation of lime from lime-water by cottun clolh ie exhibited 
when a drop of a solution of blcticbing powder (which always contains 
free lime) ia allowed to fall on a piece of cotton dyed with indigo. On 
the spot where the ealulion first touches the cloth, the colour rcmainB 
unaltered, [fie lime only having been there intimately absorbed ; but on 
llie ring Eunountling thie spot, the colour becomes discharged ibroiigh 
ihu nctioD of the chloride of lime. 
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fleeting the remainder; or, it raay be, of absorbi 
unequal proportions of each of the three rays. When ^ 
such is the case, the body appears to be coloured, 
not from the inherent possession of a colour, but 
because the light which it reflects to the eye is not 
homogeneous white light. A blue substance, for ex- 
ample, is said to reflect the blue rays only, or In 
greatest proportion, the yellow and red rays being 
absorbed. If red, it is said to absorb the yellow aid 
blue rays, and reflect the red ; and by the absorption 
of the rays in tinequal proportions, and by the re- 
flection of more or less of the white or undecomposed 
light, every shade of colour raay be produced. The 
same remarks apply to transparent coloured substances; 
only, instead of the decomposed light being reflected 
to the eye, it is transmitted. According to this 
manner of viewing the colouring principle, it has 
been observed that the art of dyeing consists ia 
fixing upon stuff's, by means of molecular attraction, 
substances which act upon light in a manner different 
from the stuffs themselves. 

The production of white by the combination of the 
three primary colours is practised in one of the finish- 
ing operations to which goods are subjected in the 
process of bleaching. To whatever length the oi^ 
dinary operations may be continued, some kinds of 
goods always retain a brownish-yellow hue, which 
may be removed, and a pure white imparted, by 
applying a little smalts, indtgo, archil, or a mixture 
of Prussian-blue and cochineal pink. In such cases 
the blue, or mixture of blue and pink, supplies the 
tints necessary to the production of white with the 
lu'ownish-yellow colour of the goods. But when the 
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dyer attempts to form white by combining red, yel- 
low, and blue, he often obtains a dark brown, or 
black, because the resulting combination does not 
reflect as much light as the three coloured ingredients 
separately, 

The following alphabetical list of colouring mat- 
ters, with their origin, uses, and principal chemical 
characters, may prove useful for reference. The 
history and applications of some of them will be fully 
discussed in separate articles. 

I. LIST OF VEGETABLE AND ANIMAL COLOURING 

MATTERS. 

Alkanet. — The root of the Anchusa tinotoria. 
Its colouring principle, which is red, is nearly in- 
soluble in water, but soluble in alcohol, ether, oil 
of turpentine, and fixed oils. It is used as a colour- 
ing matter for ointments and other imctuous prepara- 
tions, but not in dyeing. 

A variety of alkanet was formerly met with in 
commerce, derived from the roots of the Lawsonia 
inermis. 

Annotta. — A hard paste prepared by inspissating 
the washings from the fermented seeds of the Bi^a 
orellana. Its colouring matter is yellowish-red, 
nearly insoluble in water, soluble in alcohol and al- 
kaline liquids. It forms an orange-coloured com- 
pound with alumina, a citron-yellow compound mth 
protoxide of tin, and a greenish-yellow compound 
with protoxide of copper. It is used to dye silks 
golden-yellow, by simply digesting the goods in an 
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alk^ioe solntion of annotta, and orange-red by ex- 
posing them afterwards to the action of a dilute 
acid. It is also used to dye cotton yellow, with the 
alnminate of potash as the mordant, and as a colour- 
ing matter for cheese. j 

Archil. — A violet-colonred paste, made firom dif- 
ferent species of lichens: that of the Canaries, whicb 
is the most esteemed, is fi-om the lichen rocellus ; 
an<l that of Auvergne, from the lichen parellus- 
Litmris, turnsole, and cudbear are merely modi- 
fications of archil. The colouring principle of these 
dye-stuffs is soluble in water and alcohol, and its 
colour is changed by the weakest acids from purple ' 
or violet to bright red. It is a brilliant colour, 
but possesses little permanence, and is chiefly used 
to give a violet or purple bloom as a finish to silts 
and woollen cloths already dyed with other colours. 
It is rarely used for cotton goods. 

Barwood. — This is a dull red dye-stuff, the colour- 
ing matter of which is only slightly soluble in water, 
but sufficiently so for dyeing without the application 
of another solvent, such as an alkaline liquid, in 
which it dissolves with facility. It gives red com- 
pounds with alumina and peroxide of tin, and is 
mostly used for dyeing silks and woollen cloth. The 
colouring matter of camwood is quite similar in its 
properties to that of barwood, but is somewhat 
brighter in colour. Both barwood and camwood 
possess much more permanence than peachwood, for 
which they are now frequently used as substitutes. 

Brazil-wood. — This and Sapanwood, Femam- 
bouc-wood, Pmchwood, and Nicaragua-wood, are 
derived from certain species of Cesalpiua. Their 
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colouring matter, which seems to be identical, is red, 
soluble in water, rendered purple or blue by alkalies, 
and yellow by acids. It forms a red compound with 
alumiua, a black compound with peroxide of iron, 
a violet compound with protoxide of tin, and a rose- 
coloured compound with peroxide of tin. It is of 
itself a fugitive colour, being easily bleached by light 
with exposure to the air ; but its stability is consi- 
derably increased by being combined with peroxide 
fff tin or alumina. It is used in dyeing wool, silk, 
and cotton with the tin and aluminous mordants. 
Of these woods peacliwood and sapanwood are the 
most extensively employed at present. 

Camwood. — (See Barwood.) 

Catechu, or terra Japonica. — This is an extract 
from the heart-wood of the khair-tree of Bombay 
and Bengal {mimosa catechu), made by evaporating 
the decoction of the wood nearly to dryness. Its 
chief constituent is a variety of tannin, differing 
slightly in its characters from that contained in galls. 
Catechu is very soluble in water and alcohol, with 
the exception of a little earthy matter. It gives a 
rich brown-grey colour with nitrate of iron, a fast 
bronze by being oxidized through the agency of a 
mixture of sulphate or nitrate of copper and muriate 
of ammonia, a brownish-yellow with protochloride of 
tin, and a reddish-brown with acetate of alumina. 
It is extensively used in calico-printing us a topical 
brown, when mixed with nitrate, sulphate, or acetate 
of copper, and sal-ammoniac. 

Cochineal. — A female insect found on the cactus 

Qpuntia or nopal, dried. Its colouring principle, 

ttermed coccinellin, is naturally of a purplish-red 
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colour; it is soluble in water and weak alcohol; its 
colour is changed to red by acids, and to crimsoij 
by alkalies. It forms a fine crimson compound 
with alumina, a violet Compound with protoxide of 
tin, and a scarlet compound with peroxide of tin. 
Wool and silk are dyed of a fine scarlet by means of 
a mixture of decoction of cochineal with cream of 
tartar and dyers' spirit, which is a mixture of pro- 
tochloride and perchloride of tin; and of a crimson, 
by a decoction of cochineal with alum and perchloride 
of tin. Cochineal is also used in the preparation of 
the pigment called carmine. 

Cudbear. — (See Archil.) 

French berries, called also Avignon berries and 
Persian berries. The fruit of the rhamnus infcc- 
torius. The berries afford a bright yellow liquid 
when boiled in water, which gives a golden-yellow 
colour with protochloride of tin, a lemon-yellow with 
peroxide of tin, a rich yellow with alumina, and a 
drab with a salt of iron. They are much used as 
a bright yellow topical colour when combined with 
a tin or aluminous mordant. 

Fustet or yellow fustic. — The wood of the rhus 
cotinus, the colouring matter of which la yellow. 
Being a fugitive dye-stuff, it is very little employed 
at present in dyeing processes. 

Fmiic or old fustic. — The wood of the moriis 
tinctoria. Its a(|ueous decoction is orange-coloured, 
and is brightened by cream of tartar, alum, and 
solution of tin. Its principal use is to dye woollen 
and cotton cloths of a permanent yellow with au 
aluminous mordant. It is also used to produce a 
brownish tint with copperas. 
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Indigo. — A blue insoluble pigment procured by 
the oxidation of a colourless substance (indigotin) 
contained in the leaves of the indiffofera, by sub- 
jecting the leaves to a process of fermentation. In- 
digo blue may be reconverted to indigotin by apply* 
ing a deoxidizing agent, and then becomes soluble in 
alkaline liquids, in which form it may be applied to 
doth (see page 244). 

Kermes grains Dried female insects of the 

qjecies coccus ilicis, which are found on the leaves 
of the f/uercits ihe or prickly oak. The decoction 
of kermes in water is red, and is rendered brownish by 
acids, and violet by alkalies. Eermes was formerly 
much used as a crimson dye with a mordant of alum, 
b)it it is now superseded by cochineal and lac-dyc. 

Lac-dye Stick-lac is an exudation produced 

Tfj the puncture of an insect on the branches of 
Several plants, by which the twig becomes incrusted 
jjpth a brownish red resin. This is a complicated 
mixture, containing a small portion of a red colouring 
matter quite similar to that of cochineal. Lao-dye 
is the residue of the evaporation of the aqueous in- 
fusion of ground stick-lac. It is employed to dye 
wool of a brilliant scarlet colour with a mordant of 
dyers' spirit. The solution of the lac for this pur- 
pose is effected in very dilute muriatic acid. 

Litmus. — (See Archil.) 

Logwood. — (Campeacby wood.) — The wood of the 
luBtnatoxylon campeckianutn. Though the colour- 
ing principle of logwood is red in its natural state, 
yet it forms blue or violet compounds with almost 
all metallic oxides. It is soluble In water, afford- 
ing a reddish liquid, which is rendei'ed purple by 
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alkalies, or, if adiied in excess, brownish-yellow It 
is employed in dyeing all kinds of stuffs of a variety 
of shades between light purple and black with an 
aluminous mordant, and between lilac and black with 
the acetate of iron as the mordant. 

Madder. — Dutch madder is the root of the rvbia 
tinctorum, and Turkey and French madder that 
of the rvbia pei-egrina. According to M. Kunge, 
madder contains five distinct colouring principles; 
madtler red (called also alizarine), madder purple, 
madder orange, madder yellow, and madder brown. 
Madder red is soluble in water, but only in small 
proportion, and therefore cannot be employed in a 
concentrated solution. It is very extensively used 
in the dyeing and printing of cotton goods for the 
production of a permanent bright red colour with 
an aluminous mordant; of a lilac, purple, and black 
with oxide of iron ; and of a variety of shades of 
chocolate with a mixture of the iron and aluminous 
mordants, with or without the addition of sumach. 
Tui'key madder is preferred for producing the Turkey- 
red dye, pinks, and light lilacs; and Dutch madder 
for producing purples, chocolate, and black. A form 
of madder containing more colouring matter than 
the natural root is now met with in commerce, nnder 
the name of garancine. This article is said to be 
prepared by digesting powdered madder in cold oil 
of vitriol, which destroys most of the constituents 
of the root, but leaves the red colouring matter 
unaltered. 

Nicaragua-wood. — (See Brazil-wood ) Ttf^ 

Peackwood. — (See Brazil-wood.) (ip 

Qiieixitron. — The bark of the ijuercus nigra, of* 
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yellow oak, which grows in North America. Its 
colouring principle, which is yellow, is very soluble 
in water. Quercitron is much used to impart a 
yellow colour to cotton with the intervention of an 
aluminous mordant, and to produce drabs with an 
iron mordant, and olives with a mixture of the iron 
and aluminous mordants. It is also much used, when 
mixed with a small quantity of madder, to produce 
an orange with a mordant of alumina. 

Sqfflower. — The flowers of the carthamtis tinc- 
torius. Safflower contains two colouring matters; 
a yellow substance soluble in water, which is of no 
value in dyeing ; and a fine red substance, insoluble 
in water, but soluble in an alkaline liquid. It is 
used to dye silk and cotton of a rose colour by 
wincing the piece in an imperfectly neutralized 
alkaline infusion of the dye-stufi". 

Sandal-wood. — (Red Sanders wood.) — The wood 
of the ptei-ocarpus santalinus. Its colouring matter 
is red, scarcely soluble in water, but soluble in alka- 
line lyes. The colour may be applied to tissues by 
dipping them alternately in an alkaline decoction of 
sandal-wood and in some acidulous liquid. It does 
not stand exposure to light well. 

Sapanwood. —(See Brazil-wood.) 

Sumach, galls, valtmia, and sawworf. — These 
and some other astringent vegetable productions are 
used to impart to cloth a variety of shades from slate 
colour to black, with peroxide of iron as the mordant. 
These matters can hardly be classed among colouring 
matters, as their active ingredients, tannic and gallic 
acids, arc white when pure. By uniting with per- 
^lide of iron, however, these acids form blueish- 
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black compoimils, which are the basis of common 
writing-ink, and may be communicated to cloth by 
first boiling the piece in a decoction of the astringent 
material, and afterwards digesting it in a solution of 
copperas. An infusion of logwood is commonly added 
to the solution of copperas. Vegetable astringent 
principles are also used in some other dyeing pro- 
cesses, in which their action seems to partake of that 
of a mordant. 

Turmeric. — The root of the curcuma longa. Its 
colouring principle, which is orange-yellow, is slightly 
soluble in water, and readily soluble in an alkahne 
solution, becoming dark brown. As a dye, it is 
applied only to silk. 

Turnsole (See Archil.) 

Weld. — The entire dried plant, reseda luleola. 
Its decoction in water is yellow. Silk, woollen, and 
cotton goods may be dyed of a permanent and bright 
yellow by a decoction of weld with alumina or per- 
oxide of tin as the mordant. With the latter, weld 
aflfords to cloth the fastest vegetable yellow colour we 



Wood. — The colouring matter of this plant (isatis 
tinctorea) seems to be identical with indigo. Woad 
is commonly employed as a fermentative addition to 
indigo in the pastel vat. H 

II. LIST OF MINERAL COLOURS EMPLOYED IN DYEING. 

Anttmoni/ orange. — This orange-red substance 
has been applied to cloth by passing the piece through 
a solution of the sulphuret of antimony and a little 
sulphur in a caustic alkali, and afterwards exposing 
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it to the air to precipitate the sulphuret, through the 
absorption of carbonic acid. 

Arseniate of chromium. — This is a fine grass- 
green coloured compound, which may be imparted to 
cloth, by the application, first of a solution of chlo- 
ride of chromium, and afterwards of a solution of 
arseniate of soda. 

Chrome-yeUovy, or chromatc of lead. — The colour 
of this pigment is bright yellow ; it may be com- 
municated to cloth by the consecutive application of 
solutions of acetate or nitrate of lead and bichromate 
of potash; or the oxide of lead may be first fixed on 
the cloth in an insoluble state, as carbonate, tartrate, 
or sulphate. It consists of one equivalent of chromic 
acid and one equivalent of oxide of lead, 

Cli/rome-orange, or subchromate of lead. — This is a 
dark orange-red pigment, consisting of one equivalent 
t of chromic acid and two equivalents of oxide of lead. 
To apply it to cotton, the piece is first dyed with 
chrome-yellow, and is afterwards passed through hot 
milk of lime, by which a portion of the chromic acid 
of the chrome-yellow is separated. 

Manganese brown (Jiydrated peroxide of man~ 
(jancse. ) — Cloth is dyed with this substance by being 
passed, first, through a solution of sulphate or chb- 
ride of manganese ; next, through a caustic alkaline 
solution, to precipitate protoxide of manganese ; and 
lastly, through a solution of chloride of lime, to con- 
vert the protoxide of manganese into peroxide; or 
the peroxidation may be effected by mere exposure 
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Orpiment {svlpharsenious acid. — This is a bright 
,t alterable yellow, which may be communicated 
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to silk, wool, and cotton, by first passing the goods 
through a solution of orpiment in ammonia, and after- 
wards suspending them in a warm atmosphere to 
Tolatilize the ammonia and precipitate the orpiment. 
This substance is sometimes applied in the form of a 
solution in a caustic fixed alkali, in which case the 
precipitation is afterwards efiectcd by passing tbe 
cloth through dilute sulphuric acid. 

Peroxide of iron {iron bi^. — This oxide is ap- 
plied to cloth to produce a yellowish-brown shade of 
different intensities, by passing the piece through a 
solution of a salt of the peroxide of iron, and a solu- 
tion of an alkaline carbonate, in succession. 

Prussiate of copper. — A delicate cinnamon colour 
is sometimes communicated to cotton by means of this 
substance, which is applied by first passing the cloth 
through a solution of sulphate of copper, then through 
a dilute alkali to precipitate oxide of copper, and 
lastly, wincing in a solution of yellow prussiate of 
^Kitash, containing a little muriatic acid. 

Prussian blue. — To apply this pigment, the cloth 
may be first impregnated with a solution of acetate of 
iron (iron liquor), and afterwards passed through a 
solution of yellow prussiate of potash, acidified with a 
little muriatic acid. 

Scheele's green (arseniie of copper). — This grass- 
green coloured substance may be applied to cloth 
by the double decomposition of nitrate of copper and 
arseuite of potash; the cloth being passed through 
solutions of these salts consecutively. A better me- 
thod is, first to precipitate oxide of copper on the 
cloth by the action of an alkali, and to wince the 
piece afterwards in a solution of arsenite of potash. 
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' § III. GENEKAL NATUKE OF DYEING PROCESSES. 

The processes by which different kinds of textile 
fabrics are impregnated with the same colouring 
material are often very dissimilar, and few dyeing 
processes are applicable in their details to goods of 
cotton, silk, and wool. For this reason, the obser- 
vations in the present section refer chiefly to cotton 
fabrics, the treatment of which rer[uires greater assist- 
ance from chemistry than the more easily dyed animal 
tissues. The dyeing of cottons, however, is mostly 
practised as a part of the process of calico-printing ; 
tut the chemical principles involved in the different 
operations are precisely the same, whether the cloth 
is merely dyed and finished in that state, or both 
printed and dyed.* 



The object of the 
first operation to 
which cotton goods 
are subjected, whe- 
ther intended to be 
afterwards printed 
or merely dyed, is 
the removal of the 
fibrous down or nap 
on the surface of 
the cloth. This is 
effected by the process of singeing, which may be 
!>erformed in two different ways equally efficacious. 



• For detailed accounts of dietinct dyeing procesees, 
'efttred lo other atticles treating of individual colouring rt 
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The old method consists in drawing the cloth swiftly 
over a red-hot semi-cylindrical bar of copper, three- 
quarters of an inch in thickness, placed horizontally 
over the flue of a fire-place, situated immediately at 
one end of the bar. The disposition of the different 
parts of a singeing furnace may be understood with 
the assistance of the sectional representation in fig. 
30; a represents the fire-place, and 6 the ash-pit; c 
is the semi-cylindrical bar of copper, forming the top 
of the flue; and d is the strip of cotton, which is 
rapidly drawn over the ignited bar, and immediately 
passed round a wet roUer, e, to cool from the effects 
of singeing. In the figure, the flue is represented as 
passing downwards to communicate with the common 
draught-chimney. 

An iron bar, of two inches or more in thickness 
at the top, was formerly used instead of a copper 
bar; but the latter is found to last about ten times 
as long as the former, and to singe nearly three 
times as many pieces of cotton with the same con- 
sumption of fuel. With a copper bar, about fifteen 
hundred pieces may be singed by a ton of coals 
iu a well-arranged furnace. The cotton is generally 
passed over the bar three times; twice on the side 
which is to be printed, or the "face," and once on 
that which is to be the " back," By this operation 
the colour of the calico becomes very similar to 
naukeen. 

The other method of singeing consists in passing 
the cloth rapidly through a coal-gas flame, for whicb 
a patent was obtained by Mr. Hall of Basford, near 
Nottingham, in the year 1818. The gas issues from 
numerous perforations through the upper surface of 
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a horizontal tube, and the cloth to be singed is 
drawn over the flame rapidly by rollers. In the 
method first patented, the flame is drawn up through 
the web of cotton or other fabric by a flue leading 
into a common draught-chimney; but the draught 
not being always sufficient to draw the flame through 
immediately, an improvement in tlie apparatus was 
devised by Mr. Hall, and patented in 1823, which 
consisted in placiug immediately over the gas-flame 
a horizontal tube, with a slit lengtliways through its 
lower surface, which tube is placed in communication 
with a fan or an exhausting apparatus. An arrange- 
ment of this kind, so constructed as to allow the 
passage of two pieces of cloth at the same time over 
two gas-flames, is capable of singeing, when properly 
managed, fifty pieces per hour. 

That the colours of the tinctorial matters applied 
to tissues may appear in their purity, it is essential 
that the cloth be wholly freed from the foreign mat- 
ters which adhere to its surface, whether imparted in 
the processes of spinning, weaving, &c., or else na- 
turally adherent to the fibre of the cloth. In cotton 
goods, this is accomplished by the process of bleach- 
ing by means of chlorine; and in silk and woollen 
gootls, by the action of sulphurous acid. 

The ordinary operations practised in the process 
of bleaching by chlorine consist in subjecting the 
cloth to the successive action, 1", of a dilute al- 
kaline solution; 2°, of a dilute solution of chloride 
of lime or bleaching powder (commonly called " che- 
mic" in bleach-works and priut-works); and 3°, of 
dilute snlphuric acid. The operation of submitting 
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the cloth to a, solution of bleacliing powder is known 
as " chemicking;" and to dilute sulphuric acid, as 
" souriog." The action of sulphuric acid on the 
cloth impregnated with a solution of bleaching pow- 
der is to liberate chlorine by combining with the 
lime to form sulphate. The details of this important 
process will form the subject of another article; for 
the present, the following list of the successive opera- 
tions to which a cotton fabric is subjected in order 
to prepare it for printing, will suffice for purposes of 



1. Washing in cold water, 

2. Soaking for eight hours in boiling lime-water, 

3. Washing in cold water, 

4. Souring, 

5. Washing, 

6. Soaking for ten hours in a dilute solution of 
soda-ash, 

7. Washing, 

8. Chemicking, 

9. Souring, 

10. Washing, 

11. Soaking in solution of soda-ash, 

12. Washing, 

13. Chemicking, 

14. Souring, 

15. Washing, 

16. Soaking in hot water, 

17. Squeezing and drying. 

In the process of bleaching mousselin 
by means of sulphurous acid, the goods ai'e usually 
passed two or three times through a solution of 
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soap and soda, at about the temperature 130" 
Fahx., and then exposed for several hours to the 
action of sulphurous acid gas, produced from burn- 
ing sulphur in a close chamber. The latter ope- 
ration is termed " sulphuring." The goods are next 
passed through a very weak solution of caustic soda, 
dried, and usually impregnated with a dilute solu- 
tion of tin, which imparts considerable brilliancy to 
the colours afterwards applied to the goods. For 
this purpose, de laines (which are formed of cotton 
and wool) are impregnated with two different solu- 
tions of tin consecutively, one intended to afford oxide 
of tin to the wool, the other to the cotton. The 
solution first applied is a mixture of perchloride of 
tin and muriatic acid, for the wool; the others is 
stannate of potash,* from which oxide of tin is preci- 
pitated on the cotton by passing the piece afterwards 
through dilute sulphuric acid. For the liner work, 
the sulphuring of de laines is usually performed 
twice. 

The only operations to which silken cloth is sub- 
jected preparatory to being printed, are, 1°, boiling 
in a solution of soap and soda to remove the " gum ;" 
2°, passing through dilute sulphuric acid; and 3°, 
washing and drying. 



To impart a permanent dye to a tissue, it is es- 
sential that the colouring material, or the substances 
from which it is to be produced, should be applied 
in a state of solution, or in a condition to penetrate 
to the interior of the fibre of the clotli, either at 
its oi>en extremity, or through the parietes. If a 

* A solution iir oxide of tin in rslisUc potash. 
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piece of cloth is dipped into tiommon writing-ink, 
the black colour aciiuired by the cloth may be 
removed by washing with water, because the tannate 
of iron, which is the basis of the ink, instead of be- 
ing in solution, is in an insoluble state, being merely 
suspended in the liquid, and therefore unable to enter 
the interior of iJie fibre. To apply the tannat« of 
iron in a permanent manner, it is necessary to^wo- 
duce it within the fibre, which is accomplished by 
first imbuing the cloth with an infusion of galls or 
other liquid containing tannin, and afterwards with 
a solution of a salt of iron. That the colours in 
solution in the dye-beck should attach themselves to 
the stuff in the form of a compound insoluble in 
their original solvent, is the principle on which the 
dyeing of fast colours rests ; and the more insoluble 
the compound in other liquids, so much the faat^ 
the colour. ' V'^dli 

In nearly all the different processes for dyeing 
cloths, the colour is applied by one of the four follow- 
ing methods: 

1. From two solutions; the colouring material not 
existing in either separately, but produced on the 
mixture of the two. The cloth is first impregnated 
with one solution, and afterwards with the other. 

2. From the solution of the colouring material; 
the cloth being fij-st impregnated with some sub- 
stance (usually existing on the cloth in the solid 
state), which has the property of combining with 
the colouring matter to form an insoluble com- 
pound. 

Z. From the solution of the colouring materia! 
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itself, or its basis; the cloth having previously under- 
gone uo essential preparation. 

4. By effecting a chemical alteration of the fibre 
of the cloth, with the formation of a coloured pro- 
duct. 

By the first method of dyeing, which is the sim- 
plest and most intelligible, all mineral colours, such 
as chrome-yellow, Prussian-blue, peroxide of iron 
(iron buff), and manganese-brown, may be applied to 
textile fabrics. The proper colouring matter in all 
these cases is insoluble in water, and is thrown down 
as a precipitate whenever the two solutions proper 
for its formation are mixed. Thus, whenever an 
aqueous solution of the salt called bichromate of pot- 
ash is mixed with an aqueous solution of acetate of 
lead, an insoluble precipitate of chrome-yellow (chro- 
mate of lead) is produced. In like manner, Prus- 
sian-blue is precipitated when a solution of yellow 
prussiate of potash is mixed with a solution of a 
salt of the peroxide of iron. In the processes of 
dyeing cloth with these and all other mineral colours, 
the mixture of the proper solutions, and consequent 
formation of precipitate, is made to take place 
within the elongated cell or tube which forms the 
fibre of the cloth; so that the resulting solid, being 
imprisoned within the fibre, is rendered incapable 
of being removed by mechanical means. The fast- 
ness of colonrs applied to cloth in this way is en- 
tirely a mechanical effect, and in no way referable 
to a chemical attraction of the fibre for the colouring 
matter. 
_ A piece of white cotton cloth moistened with either 
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s solution of Liciiroinate of potash or of acetate of ' 
lead, may be easily cleaned from every particle of tJie 
soluble bichromate or acetate by simply wasting 
with water. But if the piece of cloth is first irnbned 
with the solution of the acetate, and afterwards witb 
the bichromate, (or the order of impregnation may 
be reversed,) the precipitate of chrome-yellow is 
produced within the fibre, and can never be removed 
by washing with water. The chrome-yellow that is 
washed away in this experiment was merely loosdy 
attached to the exterior of the fibre. It may be 
observed here, that as all the colouring matter which 
is deposited on the exterior of the fibre is a loss of 
material, it is advantageous to remove the excess of 
the solution with which the cloth is first imbued, by 
draining, squeezing, and sometimes by slightly wash- 
ing the cloth when taken out of the first solution and 
about to be immersed in the second. 

So far as the mere operations are concerned, the 
processes now commonly practised for applying mi- 
neral colours to cloth, are rather referable t» the 
second style of dyeing according to the classification 
here adopted. Instead of passing the cloth through 
the two solutions consecutively, one of the two ma- 
terials, usually the base of the mineral colouring 
matter, is first applied in an insoluble state, and the 
cloth is afl;erwards winced or agitated in a diluti 
solution of the other. To apply ferro-prussiate of 
copper, for example, to cotton in this way, the piece 
is fii-st impregnated with a solution of sulphate of 
copjwr. The oxide of copper is, in the next place, 
fixed in au insoluble state by passing the cloth throu^L 
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fi dilute alkaline solution; and the prussiate of cop- 
per is formed, lastly, by wincing the cloth in a 
dilute solution of yellow prussiate of potash contain- 
ing a little muriatic acid. The economization of the 
solution last applied is the chief advantage of such 
a mode of proceeding over the old method of apply- 
ing the two solutions in succession, without the fixa- 
tion of a substance derived from the first ; since the 
production of any superfluous colouring material is 
entirely avoided. In the process of dyeing cotton 
with chi'ome-yeUow, the same depth of colour may be 
imparted to a piece containing precipitated oxide or 
carbonate of lead, from a solution of eight ounces of 
bichromate of potash to a gallon of water, as from 
a solution of twenty-four ounces of bichromate in 
a gallon of water, when the cloth contains only the 
soluble acetate or nitrate. It is to be observed, 
that although the mere operations in this kind of 
work are the same as those of the second style to be 
noticed immediately, yet the principles of the two 
styles are dissimilar, for the colouring material is 
not contained in the second solution any more than 
in the first. 

To apply to cloth in a permanent manner those 
colouring substances which are naturally soluble in 
watfir, and have not in themselves a strong affinity 
for tissues (see page 243), of which kind are the 
greater number of vegetable and animal tinctorial 
matters, it is essentially necessary to effect their con- 
version on the cloth into compounds which are in- 
soluble in water. This is accomplished by first ap- 
^ying to the cloth some substance (most frequently 
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the sub-salt of a metallic oxide) wbieh has an affinity 
for the colouring matter, whereby it is enabled to 
withdraw it from the solution and convert it into an 
insoluble compound. The substance which thus acts 
as the bond of union between the tissue and the 
colouring matter, is distinguished as the mordant. 
One circumstance in which this style of dyeing differs 
from the preceding is, that in this, the mordant must 
be applied to the cloth before the colouriug matter, 
except in some cases where both may be applied at 
the same time ; but with mineral colours, which may 
be imparted by the successive application of two solu- 
tions, it is generally a matter of indifference which of 
the two solutions the cloth is first impregnated with. 

In its common acceptation by the practical dyer 
the term mordant is as indefinite as it is inappro- 
priate, since it includes any kind of substance which 
can facilitate the application of a dye-stuff to a tissue. 
Properly speaking, a mordant is a substance which 
has an attraction of surface for the tissue, a chemical 
affinity for the colouring matter in solution (see 
page 236), and the property of forming an insoluble 
compound with the colouring matter. By virtue of 
the combination of these properties, it is enabled to 
effect in a durable manner the union of the tissue 
with the colouring substance. 

But with the practical dyer, the term mordant 
has a much wider signification ; even the solvent of 
the dye-stuff, if the latter is insoluble in water, re- 
ceives that designation ; thus sulphuric acid is some- 
times termed a mordant when employed as a solvent 
for indigo in the preparation of Saxon blue. The 
name, which was given by some French dyers at n 
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time when little was known respectiog the chemical 
principles of dyeing, is deriveJ from morderc, to bite ; 
the moi-dant being supposed to exert a corrosive 
action on the fibre which serves to expand the pores 
and allow the absorption of the colour. 

In most cases of cotton dyeing with the inter- 
vention of a mordant, the latter must exist on the 
cloth about to be dyed in a form insoluble in 
water. But as it is also essential that the mordant 
should be contained in the interior of the fibre of 
tlie cloth, it must be applied at first in a state of 
solution, for no substance in a solid form can pene- 
trate to the interior of the fibre. The cloth, there- 
fore, must be first impregnated with a liquid, by the 
decomposition of which the insoluble substance is to 
be produced. 

The form in which a mordant exists on a piece 
of cloth ready to be dyed is usually that of a sub- 
salt; that is, a body of a saline constitution (con- 
sisting of an acid and a base), in which the pro- 
portion of base is in considerable excess. When 
a piece of cotton, for example, is moistened with a 
solution of basic alum (soluble subsulphate of alu- 
mina) and dried, an insoluble siibsulphate of alumina 
is produced on the cloth, containing less sulphuric 
acid than exists in the soluble subsulphate. It is 
not probable, however, that, when the clotli thus mor- 
danted is immersed in the dye-beck, the insoluble 
sub-salt combines as such with the colouring matter 
in solution; the combination, which is doubtless a 
chemical one, takes place between the colouring 
I matter and the base of the sub-salt. In this case, 
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ettlier all the acid of the sub-salt or else the corre- 
sponding soluble neutral salt is liberated and dissolveJ, 
the whole or the excess of base remaining on the clotJi 
to fix the colouring material. 

When a piece of cotton impregnated with sub- 
sulphate of alumina, for example, is put into the 
madder-beck, tlie colouring matter of the madder 
combines with either the whole of the alumina in the 
subsulphate, or else that portion of the alumina only 
which is in excess over the amount contained in the 
soluble sulphate. In the first case, the subsulphate of 
alumina is simply decomposed into alumina on the 
one hand, and sulphuric acid on the other j while in 
the second case it is resolved into alumina ou one side, 
and the soluble and neutral sulphate on the other. 

From the preceding observations may be inferred 
the necessity of distinguishing between the thi-ee 
states in which a mordant may exist; namely, first, 
in the soluble form in which it is applied to the cloth; 
second, as the insoluble sub-salt afterwards produced 
in the fibre; and third, as the true base existing 
in union with the colouring matter in the dyed cloth, 
Tlie term mordant ought strictly to be confined to 
the true base in whatever form it exists ; but for con- 
venience, it is also applied to the first solution, and to 
the sub-salt on the cloth before the dyeing. 

In a few cases, however, the insoluble substance 
which is precipitated on the cloth from the solution 
of the mordant is not a sub-salt, but the true mor- 
dant or base itself; thus, pure alumina may be pre- 
cipitated from the solution of aluminate of potash, 
and pure peroxide of tin from the solution of stanuate 
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Ff the affinity of the colouring matter for the mor- 
(IflQt is so powerful that a compound of the two is 
precipitated immediately on their solutions being 
placed in contact, the intermediate step, consisting 
ill the formation of the insoluble sub-salt by drying, 
is sometimes omitted. The cloth is then first impreg- 
nated with the solution of the mordant, and after 
being washed, drained, and squeezed, is passed 
through the solution of the colouring matter. It 
frequently happens, however, and especially with 
wool and silk, that even in these cases an insoluble 
sub-salt does attach itself to the fibre from the solu- 
tion; but it is commonly produced on cotton during 
the desiccation of the mordanted goods. 

In all cases where the formation of an insoluble sub- 
salt by the desiccation of the mordant on the cloth 
is omitted, the excess of mordant which remains on 
the surface of the cloth is removed by washing and 
draining, before the cloth is exposed to the dyeing 
liquid. This excess of mordant is removed for three 
reasons; 1", to prevent an unnecessary abstraction of 
colouring matter from the dye-beck; 2", to ensure a 
more uniform distribution of tint ; and 3°, to attach 
the colour in a more permanent manner. When the 
solution of the mordant produces an immediate pre- 
cipitate with that of the colouring matter, if the ex- 
cess of mordant is allowed to remain on the cloth, the 
latter assumes a good colom- when put into the dye- 
beck, but which is, for the most part, merely at- 
tached to tlie surface, very little existing in the 
interior of the fibre. This seems to arise from the 
closing of the apertures through which a liquid ob- 
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tains access to tlie interior of the tube or cell, by the 
pi-ecipitate of colouring matter. 

But the colour which results when the washed 
and drained cloth is put into the dye-beck, is often 
devoid of lustre and very subject to alteration, ap- 
parently, because the quantity of mordant on the 
cloth is too small to form an intimate combination 
with all the colour which is deposited. On apply- 
ing, however, either the same mordant a second 
time, or else another mordant, the brilliancy of the 
tint is greatly increased, and the colouring material 
becomes permanently attached. The second mor- 
dant which is applied in this manner is known among 
dyers by the name of alterant, proposed by Dr. 
Bancroft. A particular esample will render such a 
process more intelligible. If a piece of white cotton 
cloth is transferred at once from a dilute solution 
of perchloride of tin to a weak decoction of log- 
wood, the cloth assumes an uneven violet colour, 
feebly attached and removable by washing. But if 
the perchloride remaining on the surface is tho- 
roughly removed before the cloth is put into the 
decoction, the piece assumes a dull brownish violet 
tint ; by properly adjusting the strength of the so- 
lution of perchloride to that of the decoction, the 
latter may be entirely deprived of colour. If, in the 
next place, a small quantity of a solution of per- 
chloride of tin, or acetate of alumina, is added to 
the liquor as an alterant, the cloth acquires a good 
violet or purple colour, and is now permanently 
dyed. 

The most probable explanation of the action of 
the alterant in such a case as the above, is the 
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following. With a proper proportion of tlie co- 
louring matter of logwood, peroxide of tin forms a 
compound possessed of a lively colour, which com- 
pound is capable of uniting loosely with more of the 
colouring matter of logwood, the proper tint of 
vhicb, by itself, is red. The colouring matter in 
excess does not partake of the lively violet or pur- 
ple tint, of what may be considered as the neutral 
compound with the mordant, but the effect of apply- 
ing more mordant (as the alterant) is obviously 
to form a neutral compound with the excess of co- 
louring matter possessing the proper violet or pur- 
ple colour. If the decoction of logwood to which 
the mordanted and washed cloth is exposed, is mixed 
^rith a very small quantity of a free acid, the pre- 
cipitation of an excess of colouring matter is pre- 
vented (partly, it would seem, through the solvent 
power of the acid) ; so that the cloth assumes a 
lively colour at once, and the application of an 
alterant is unnecessary. 

It is not essential to the character of an alterant 
that its action partake of that of a mordant. Thus, 
instead of mixing a free acid with the decoction of 
logwood, the acid may be afterwards applied to the 
dyed cloth, in which case it becomes the alterant, 
partly by removing some of the colouring matter in 
excess, and partly by disintegrating the particles of 
the mordant, whereby the latter is enabled to form a 
more intimate combination with the colouring matter. 

In an extended sense, the term alterant may be 
applied to any substance which can effect a perma- 
nent change in the colour of a dyed cloth, whatever 
may he its chemical action. Thus, oxalic acid be- 
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comes ail alterant when applied to the purple woollen 
cloth obtained by cochineal with a mordant of prot- 
oxide of tin, whereby the purple becomes changed to 
scarlet ; bichromate of potash may also be called an 
alterant when applied to a piece of cotton dyed 
violet with log-wood and alumina, in order to change 
the violet into a black. 

In a few cases, where the aflBnity of the colouring 
matter for a mordant is not sufficiently strong for 
the former to separate, by itself, the mordant from 
the substance with which it is already in combina- 
tion, the solution of the mordant and that of the 
colouring material may be mixed without the forma- 
tion of a precipitate. Thus no precipitate of colour- 
ing matter and mordant ensues when the soluble 
combination of alumina and caustic potash (alumi- 
uate of potash) is mixed with a solution of the co- 
louring matter of annatto; nor when a solution of 
protochloride of tin is added to a cold decoction of 
logwood. When this is the case, the cloth is not 
always first impregnated with the mordant and af- 
terwards with the colouring matter, but both may 
be applied at once by exposing the cloth to the mix- 
ture previously made. So far as the mere operation 
is concerned, however, this style of dyeing differs 
from that we have been considering, being referable to 
the third style according to the division followed in 
this section (page 262) ; but the function of the mor- 
dant and its action on the dye are of precisely the 
same nature as when the mordant is first applied, 
excepting that the formation of the insoluble pom- 
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nttflches itself to the fibre, appears here to be partly 
determined, as an induced effect, by tlie surface at- 
traction of the tissue for the resulting compound. A 
similar effect may be produced in the above mixture 
of protochloride of tin and decoction of logwood by 
the application of heat, which seems to increase the 
mutual affinity of the mordant and colouring principle. 
The cloth does not in such cases abstract the whole 
of the colouring matter from the dyeing liquor, but 
tiie depth of its colour corresponds, in general, to the 
strength of the infusion, the temperature, and the 
time during which it is exposed to the mixed liquid. 

Vegetable colouring matters are not often applied 
to goods of cotton by this style of dyeing except as 
steam colours, where the mixed solution of mordant 
and colouring matter is printed on the cloth, and 
the fixation afterwards effected by exposure to steam. 
The principal colouring principles thus applied are 
those of logwood, French berries, cochineal, peachwood, 
and quercitron, with a tin or aluminous mordant : 
an orange colour is sometimes imparted to cotton by 
means of the mixture of annatto and alumina in 
caustic potash, applied as above. 

It rarely happens that the common aluminous mor- 
dants, such as basic alum and red liquor, can be em- 
ployed alone as mordants for vegetable colouring 
matters when applied as steam or topical colours, on 
account of the facility with wliich the alumina is 
precipitated by the vegetable decoctions. But this 
tendency to precipitation may be greatly diminished 
by applying to the alumina a more powerful solvent. 
Thus, the solutions of alumina commonly employed 
with logwood, &C-, wlien applied as steam colours, 
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are basic aluoi mixed with oxalic or another strong 
acid, red liquor mixed with oxalic acid, and common 
alum mixed with sugar- 
As the combination of the colouring principle with 
the mordant is to be considered a case of true che- 
mical union, it might be anticipated that the colour- 
ing matter often experiences a considerable modifica- 
tion in tint on uniting with a mordant, independent 
of the colour possessed by the mordant itself, con- 
sistently with the law that a change of properties 
always attends clieniical combination. Such a change 
in colour is certainly often exhibited, but sometimes 
the colour of the resulting compound is intermediate 
between that of the colouring matter and that of the 
mordant; and the colour of the dye-liquor may ge- 
nerally be imparted to a tissue without much altera- 
tion by the use of a white mordant. 

If a piece of cloth is impregnated with alumina 
and then passed through the madder-heck, it acquires 
a rose tint ; in the same dye-beck, but with per- 
oxide of iron as the mordant, the cloth becomes dark 
brown or even black; and with a mixture of alu- 
mina and peroxide of iron, a puce colour may he 
obtained. If three pieces of cotton, one impregnated 
with alumina, another with peroxide of iron, and 
the other with oxide of copper, are passed through 
a decoction of quercitron, the piece containing alu- 
mina presents very nearly the proper yellow of the 
dye; that with oxide of iron has a dark fawn colour, 
and that with oxide of copper a yellowish fawn 
colour. Cochineal produces a purple compound with 
a mordant of protoxide of tin, which is itself white ; 
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hnt a scarlet compound with peroxide of tin, whicli 

is also white. 

The quantity of the colouring 'matter absorbed by 
the mordanted cloth is, in general, proportional to the 
quantity of mordant it contains, whicli may be deter- 
mined by the strength of the solution of tJie mordant. 
Hence two pieces of cloth impregnated with solutions 
af the same mordant of unequal strength would pre- 
sent very different depths of colour by being passed 
through the same dye-beck. With the acetate of iron 
&3 a mordant, the same infusion of madder may be 
made to afford any variety of tint between faint lilac 
and black, and with an aluminous mordant any shade 
between the most delicate pink and dark red. 

The class of bodies from which mordants are de- 
rived is the metallic oxides or bases, whence they 
might be supposed as numerous as metals which form 
insoluble oxides; but so many qualifications are re- 
quired in a mordant, besides insolubility, that their 
number is very limited. Those most commonly em- 
ployed are alumina, peroxide of iron, peroxide of 
tin, and protoxide of tin. The chemical affinity of 
these bases for colouring matters has already been al- 
luded to (page 237); and many of their salts, or 
compounds with acids, have likewise a considerable 
attraction of surface for the stuffs, so that the latter 
have the power of withdrawing them to a certain 
extent from their solutions. These bases also possess 
a property which seems often to be highly advan- 
tageous, namely, that of forming with the same acid, 
when united with it in different proportions, a soluble 
and an insoluble combination. 
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Alumina,* which is the most extensively employed 
of the mordants, may he applied to cloths from four 
different solutions; 1°, from ordinary alum, which is 
a double salt composed of sulphate of alumina and 
sulphate of potash; 2°, from the solution of sub- 
sulphate of alumina, also known as basic alum, which 
is merely common alum with a portion of its acid 
neutralized by an alkali; 3°, from red liquor, which 
is commonly a solution in acetic acid of the subsul- 
phate of alumina insoluble in water ; and 4°, from a 
solution of alumina in caustic potash, known as the 
aluminate of potash. From alum, from the soluble 
subsulphate of alumina, and from common red liquor 
an insoluble subsulphate is produced on the cloth 
containing less sulphuric acid than the soluble sub- 
sulpliftte ; and alumina itself is deposited from the 
aluminate of potash, 

1. ^^wj«.— This salt, in its ordinary state, is not 
much employed at present in cotton dyeing, being 
superseded by basic alum, red liquor, and the alu- 
minate of potash; but it is still extensively used in 
silk dyeing and printing, and is the principal mor- 
dant used in the dyeing of wool. On cotton goods 
common alum is sometimes employed as the mor- 
dant for topical and steam colours, where the alu- 

• Tliia enrlh is thrown down as a white bulky precipitate when a 
BolulioTi of alum is mixed with a.n excess of ammonia,. It is not ob- 
tained pure, however, by such a process, but retains some of the sii!- 
]]huric BX!id. To prepare pure alumina, the precipitate as thus obtained 
niay be redis^ulveil in dilute sulphuric acid and again precipitated by 
ammonia. The proper neutral sulphate of alumina is very soluble In 
water and difficult lo crystallize ; by the addition of sulphate of potash 
it becotnea common alum, which is much less soluble and very easilT 
cryntallized. 




mina is required to be held ia sototioD pretty strooglj. 
The chemical coostitutioD and propoties of alum 
ivjll form the subject of a future paper. 

The impuritj which comnion alum is likely to cod- 
taiu of greatest moment to the practical dyer is iron, 
existing in the state of sulphate (usually, both of the 
peroxide and protoxide,) and chloride. It is derived 
from the mother liquor from which the alum was 
crystallized. 

The readiest method of detecting this impurity is 
by adding to the aqueous solution of alum a few drops 
of a solution of yellow or red prussiate of potash, 
which cause the formation of a precipitate of Prussian 
blue with a very small trace of iron. The precipi- 
tate at first produced with the yellow prussiate is 
generally greenish- white, but becomes blue on ex- 
posing the mixture to the air for a few minutes. In 
this case the iron is present in the alum in the state 
of a salt of tie protoxide ; and a solution of the red 
prussiate, instead of the yellow, causes the immediate 
production of Prussian blue. If the solution of alum 
to be tested is first boiled witli a few drops of nitric 
acid to convert the protoxide of iron into peroxide, 
Prussian blue is immediately formed on applying the 
yellow prussiate. 

In the few processes of cotton dyeing in which 
alum is employed as the mordant, the strength of 
the solution of alum and the manner of applying it 
entirely depend on the nature of the dye and the 
depth of the colour to be produced. In most cases, 
where the entire surface is to be impregnated with 
the colouring material, the goods may be allowed to 
remain for twenty-four hours, or more, in a cold 
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solution containing about one part of alum to four 
parts of the cloth, with as much water as is requisite 
to cover the cloth. Silk may be digested for from 
eight to twenty-four hours, or longer in a cold so- 
lution of three or four parts of alum to ten or twelve 
parts of silk and one hundred of water. Wool may 
he impregnated with alum by heating it in a solution 
containing of alum from one-sixth to one-fourth of 
the weight of the wool, and maintained at the boiling 
point for one hour, or a little longer ; but ebulli- 
tion for two hours is prejudicial. A very common 
addition to alum when employed as a mordant, espe- 
cially for wool which is intended to be brightened 
by an acid after being dyed, is tartar (crude cream 
of tartar), which diminishes the tendency of alum 
to crystallize, and brightens the resulting colour. 
The quantity which is added varies for different dye- 
stuffs from one-fourth to one-half of the weight of 
the alum. When employed as a mordant for topical 
or steam colours, a quantity of sugar is usually added 
to the alum. 

2. Basic alum. — As common alum, of itself, has 
very little disposition to form an insoluble subsalt, 
it is a weak mordant for cotton goods, and has hence 
been superseded by other aluminous preparations, 
from which subsalts may be more easily produced. 
One of these is basic alum, which is made by separat- 
ing from common alura a portion of its acid by the 
application of an alkaline carbonate. It is found that 
one-third of the acid contained in common alum is 
sufficient to retain in solution all the alumina of the 
aJum, provided the liquid is cold and in a concen- 
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trated state. The partial aqiaration of tbe add may 
be effected either by carbonate of potash or cartxHiate 
of soda, added until it begins to produce a permanent 
precipitate. A gelatinous predpitate is fonaed from 
tbe first additioQ of the alkaline carbonate, but it 
redissolves on stirring, until two-thirds of the quantity 
necessary for complete saturation has been applied.* 
In this state alum is a powerful mordant, as the 
excess of base is held in solutioa very feebly, and 
is easily removed in the state of an insoluble sub- 
sulphate through tbe surface attraction of the tissue. 
Animal charcoal also readily withdraws the excess of 
alumina, by virtue of the same force. 

A solution of subsulphate of alumina is also pro- 
duced when cbalk is digested in a solution of common 
alum, sulphate of lime being then formed. According 
to Hausmann, one part of alum, with the addition of 
one-eigbtb part of cbalk, may be retained in solution 
during summer by five parts of water. One part of 
common alum requires between eighteen and nine- 
teen parts of cold water for its solution. 

A solution of basic alum prepared by an alkaline 
carbonate, as above, cannot be well employed ex- 
cept in a concentrated state, as mere dilution with 
water determines the formation of a precipitate of 
insoluble subsulphate of alumina. But this incon- 
venience may be overcome, and an excellent mor- 
dant obtained, by adding acetic acid to the solution 
of basic alum. Tbe mixture thus formed, which is 

* A conTenient mode of prep&tiog the solution of basic alum is to 
dlGBolre in water two-thirds of the quantity of common alum operailed 
on, to add carbonate of soda to the solution until the mixture exliiT)it« 
a alight alkaline reaction, and then to add the remaining- one-third of 
alum with agilation. 
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quite analogous to common red liquor, affords no pre- 
cipitate on dilution with water. 

3. Red liquor and acetate of alumina. — Red liquor 
is much more extensively employed as a mordant than 
any other preparation of alumina. The common 
method of preparing this liquid for the use of tbe 
dyer and calico-printer is by adding a solution of 
acetate of lead or acetate of lime to a solution of 
alum, when a portion of the sulphuric acid of the 
alum combines with the oxide of lead or the lime 
of the acetate to form an insoluble sulphate, and the 
acetic acid previously in combination with oxide of 
lead or lime combines with alumina to form a soluble 
acetate. To produce complete decomposition both of 
the sulphate of alumina and the sulphate of potash 
in the alum, with formation of sulphate of lead and 
acetates of alumina and potash, 

478 parts, or 1 eq. of alum, require 

756 parte, or i eqB. of cryetallizcj acetate of lead. 

And for the complete decomposition only of the sul- 
phate of alumina in the alum, 



478 purtB, I 
667 partE, c 



1 eq. of alum, require 

3 eqe. of crystallized acetate of lead. 



The reactions which occur on mixing solutions of 
these materials in the latter proportions are expressed 
in the following diagram : 
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^ 1 eij. aulphate of potoali 
j 24 cqs. water 

{ -'•l™™ \ 2ii....'. / .lumto. 

J eqs. ^9 eqa, water 

Ketate } 3 eqs.itcetjc acid 

of lead t 3 eqs, oxide of lead 

sulphate of lead. 

But the quantity of acetate of lead employed in the 
preparation of red liquor is never greater than that 
of the alum, and commonly one-third less, the pro- 
portions being slightly varied according to the pur- 
poses for which the mordant is required. A small 
quantity of carbonate of soda (from one-twentieth to 
one-tenth of the weight of the alum) is also some- 
times added to the mixture to separate a portion of 
the sulphuric acid contained in the excess of alum. 

The following proportions of the materials afford 
a strong mordant of specific gravity about 20° Twad- 
deU* (1100), well adapted for producing dark reds 
with madder : 

No. 1. 

6 gallous of water, 
10 pounds of alum, 

1 pound of soda erystols, 
10 pounds of acetate of lead. 

The alum is first dissolved in boiling water, and 
to this solution the soda is added gradually ; when the 
effervescence is subsided, the acetate of lead is added 
in a state of fine powder, and the mixture having 
been well agitated is allowed to stand for the sul- 
phate of lead to settle, after which the supernatant 
liquid may be decanted for use. 

* Degrees on Twaddcll's hydrometer may be converted into the ordi- 
nary sp. gr. formula (water being 1000) by multiplying them by 5 and 
adding 1000. 



I 



1 



382 DrElNQ AND CALICO-PRIKTING. 

A red liquor, better adapted than the above fw 
producing a yellow dye with the colouring matter 
of quercitron, may be made by mixing, in tho same 
manner, 

No. 2. 

SgallonEofwatcr, 
10 pounJa of alum, 
1 pomid of M)dB4 
7i pounds of acctale of lead. 

In consequence of the expense of acetate of lead, 
this salt is commonly superseded, in the preparation 
of red liquor, by acetate of lime, obtained by neu- 
tralizing with quick-lime the crude acetic acid or 
pyroligneous acid afforded by the distillation of wood; 
but the red liquor thus prepared does not produce 
with colouring matters such delicate and bright 
shades as that prepared by acetate of lead. The 
usual proportions of acetate of lime and alum em- 
ployed for this purpose are two pounds and a half of 
the latter to a gallon of solution of the former of 
specific gravity 12" or 13° Twaddell. As met with 
in commerce, red liquor usually has a spec. grav. 
about 18" Twad. 

The following mode of preparing red liquor by 
acetate of lime is recommended by M. KcEchlin- 
Schouch ( Bulletin de la SociitS industrielle de Mvl- 
havsen^ t. i. p. 277). In twenty-five gallons of hot 
water dissolve two hundred pounds of alum, and to 
tlie solution add three hundred pounds of the crude 
solution of acetate of lime of specific gravity 16° 
Twad. The resulting red liquor has the density, 
while hot, of 22° Twad., but on cooling it deposits crys- 
tals of alum, and falls in specific gravity to 18° Twa( 



^ 



UQlPNOIia HOBDANTS. 283 

t In neither of the preceding preparations is auflScient 
' acetate of lead or acetate of lime employed to decom- 
pose the whole of the sulphate of alumina in the 
alum, and it is doubtful, moreover, whether acetate 
of Jime, in any quantity, would effect the complete 
decomposition of sulphate of alumina. But this un- 
iJecomposed alum or sulphate of alumina, instead of 
being useless, as some have supposed, forms a highly 
important constituent of the mixture. By its action 
on the acetate of alumina in the solution, it gives 
rise to the formation of subsulphate of alumina or 
basic alum, and free acetic acid, and the latter serves 
to retain the former in a state of more permanent 
solution than water would alone. 

On applying heat to red liquor, a precipitate of 
subsulphate of alumina is produced in the liquid, 
containing, according to the analysis of M. Kcechlin- 
Sehouch, eight equivalents of alumina and three 
equivalents of sulphuric acid, or, eight times as 
much alumina as the neutral sulphate in common 
alum. The temperature at which the precipitation 
commences varies according to the strength of the 
liquor and the proportions of acetate of lead and 
alum employed in its preparation. When made as 
No. 1, page 281, the precipitation commences at 
about 154° Fahr. If the somrce of heat is with- 
drawn soon after the precipitate appears, so as to 
avoid the evaporation of acetic acid and the ag- 
gregation of the precipitate, the latter completely 
redissolves as the liquid cools ; but if the heating is 
continued until a sensible quantity of the acetic acid 
is evaporated and the precipitate is become dense, the 
subsulphate does not redissolve on cooling, nor even 
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on the addition of free acetic acid. Such a precipi- 
tation of insoluble subsulphate, accompanied with the 
evaporation of acetic acid, always occurs during the 
drying and "ageing" of cottons printed with red 
liquor.* 

A solution of pure acetate of alumina obtained by 
dissolving recently precipitated hydrate of alumina 
in acetic acid is uncrystallizable, and dries, on eva- 
poration into a gummy mass, very soluble in water. 
The aciueoua solution of the pure acetate may te 
boiled without decomposition; but if a solution of 
alum is added to acetate of alumina, so as to form 
a mixture analogous to red liquor, the liquid affords, 
on the application of heat, a precipitate of aubsQl- 
phate, of the same composition as that produced 
from common red liquor, which redlssolves on the 
cooling of the liquid if the acetic acid has not been 
expelled. 



Acetate of alumina made without excess of alum 
is very rarely used as a mordant, the proportions 
of alum and acetate of lead employed in almost all 
cases being four parts of the former to three parts of 
the latter. The chief use of the pure acetate, or 
rather of the mixture of pure acetate with sulphate 
of potash, such as is obtained by mixing eight parts 
of alum with nine and a half parts of acetate of lead, 
is to add to mixtures for topical colours containing 
a strong acid, such as muriatic, sulphuric, or nitric, 
in the free state. The strong acid combines with the 

* Concentrelcd red liquor deposits u small quantity uf the subeul- 
phalc of alumina at common temperatures, if kept for n cotisiderolile 
time, TliP precipitate thus gradually formed is sometimes t«) aggre- 
gated to be redtsHolvcd on the applitatjon of acetic acid 
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dumina of the acetate, and liberates noetic acid, which 
exerts no corrosive action on the fibre of the cloth. 

4. Atuminate of potash. — Another preparation of 
ilumina much employed as a mordant for cotton 
goods, is the solution of alumina in caustii^ potash, 
known as the aluminate of potash. The following 
method of preparing this solution is recommended by 
M. Koechlin-Schouch. A solution of caustic potash 
is first made by boiling for half an hour a mixture 
of eighty pounds of carbonate of potash, thirty-two 
pounds of quick-lime, and forty gallons of water. 
The caustic ley being allowed to settle, thirty gallons 
are decanted and evaporated down to the density 
35° Baumd (60° Twaddell), and sixty pounds of 
powdered alum are added to the boiling liquid. As 
the solution cools, a quantity of sulphate of potash is 
deposited in crystals. 

When a piece of cloth impregnated with the alu- 
minate of potash is suspended freely in the air, the 
carbonic acid of the atmosphere seizes upon the 
caustic potash which holds the alumina in solution, 
causing the formation of carbonate of potash ami 
precipitation of alumina. If the apartment in which 
cottons printed with the aluminate of potash are 
suspended is imperfectly ventilated, after a short 
time not a trace of carbonic acid can he detected 
in the atmosphere by the ordinary test of lime-water; 
hence the necessity of paying particular attention to 
the means of producing a proper ventilation in the 
"hanging" or "ageing" room, if the complete precipi- 
tation of the alumina during that stage of the process 
is required. 
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The time of hanging the mordanted goods, how- 
ever, is seldom prolonged sufficiently to allow of the 
complete decomposition of the aluminate of potssh. 
This is ensured by afterwards passing the cloth 
through a dilute solution of muriate of ammonia,* 
which immediately determines the complete precipita- 
tion of the alumiua. The reactions which take place 
when a solution of aluminate of potash is mixed with 
a solution of muriate of ammonia are expressed in the 
following diagram : 

,, c Alumina .... free. 



M .4 . F I ^'"'' 5 HyJrogcT!--' 

amnionia { ^"'"^ (Chlorine I::i^chbri(ic of polMsiuni. 

I Ammonia .... free. 

The aluminate of soda may be prepared in the 
same manner and used for the same purposes as alu- 
minate of potash. It is said that no difference is 
perceptible between the effects obtained by aluminate 
of potash, and those by aluminate of soda. 

The other simple preparations of alumina which 
are occasionally used as mordants are, nitrate of alu- 
mina, chloride of aluminum, and tartrate of alumina. 
Of these, the most extensively employed is the nitrate, 
which may be prepared of sufficient purity for the 
use of the dyer and calico-printer by mixing con- 
centrated solutions of equal weights of alum and 
nitrate of lead, when sulphate of lead is formed and 

* The muriate of ammonia is sometimes mixed with the dmig-heck, 
and Bometimes with the solution of " dung-suhstilute." In a few par- 
ticular styles of caJieo-printing, where the ageing of eoltons printed witb 
aluminate of potash is altogether omitted, the cloth is passed through ft 
a hefore tlie clung emulsion. 
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precipitated, and nitrate of alumina remains in so- 
lati<ai. 

Tin mordants. — Several preparations of tin are 
employed as mordants in dyeing and calico-printing, 
comprising salts of the protoxide and of the peroxide, 
and mixtures of the salts of both oxides. The oxides 
of tin have a strong tendency to unite with soluble 
vegetable and animal colonring matters, producing 
distinct and definite combinations; and the com- 
pounds with the peroxide are generally distinguished 
for possessing a vivacity of tint far superior to that 
presented by the combinations of the same colouring 
matter with any other mordant. 

Peraeide of tin is used as a mordant chiefly with 
cochineal, Brazil-wood, peachwood, barwooii, French 
berries, and logwood, and is commonly applied in tlie 
state of a solution of the perchloride (perniuriate), or 
as a mixture of the solution of the perchloride with 
that of the pernitrate. Such solutions, which are 
known among dyers by the name of red spirits or 
simply spirits, may be obtained by dissolving metallic 
tin, in a granulated or "feathered" state, in one of 
the following lieiuida : 

1°. Aqua regia, which is a mixture of nitric and 
muriatic acids; 

2°. A mixture of nitric acid and muriate of am- 
monia; and 

3°. A mixture of nitric acid, muriate of ammonia, 
and common salt. 

The perchloride of tin, or a mixture of the per- 
chloride and pernitrate, is also sometimes prepared 
from crystals of the protochloride (salts of tin) by 
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means of nitric acid or aqua regia. The nitric acid 
used for this purpose should be quite free from sul- 
phuric acid. 

A great number of receipts for the preparation of 
this mordant have been prescribed, varying very con- 
siderably in the proportions of the materials, accord- 
ing to the nature of the fabric to be dyed, and that 
of the dye-stuff for which it is to be used as the 
mordant. Some of the preparations contain the per- 
oxide or perchloride only; but others, which are 
preferred for general use, contain both the perchloride 
and the protochloride.^ A common process for pre- 
paring a mixture of the two chlorides is to add gra- 
nulated tin very gradually to a mixture of three 
parts by measure of muriatic acid, and one part of 
commercial nitric acid, so long as any tin is dis- 
solved in the cold. If the tin is not added gradually, 
instead of being dissolved, it is converted into the 
insoluble peroxide, which is deposited as a white 
powder. 

The above proportions answer well for a mordant 
for general use, and especially for Brazil-wood; but 
for particular purposes the proportions of muriatic 
and nitric acids are varied from six parts of the 
former, and one of the latter, to equal parts. 

The solution of the perchloride of tin, or mixed 
perchloride and protochloride made by dissolving tin 
in a mixture of nitric acid and sal-ammoniac, is much 
used by silk and woollen dyers, but a considerable 
difference exists between the proportions of the mate- 
rials as recommended by different dyers. For general 
purposes, the solution afforded by the following pro- 
portions receives a decided preference. 





is first dissvivM in Uh* 
BT, v)d to this Mlulion the 
I quantities at a ukr\ ».\ «.i M 
t Ae Buxtore inwa becoming verv Itot. 
TW sih met with io commerce tiiuloT Uk* iwtMv 
of fimk mA is the double perclilorido of tin aitd 
mDrisie of Mnwiwwia ^chloride of tin and nmmuiuum ), 
which is made by adding muriate of Htiiniunia to h 
sshitioD of tbe p«rchtoride, and evaponitiiig to obtain 
crystals. It is chiefly nsed ns » monliuit. with (MMoh- 
wood. 

Povside of tin is oflen applied to olotli in tlic 
state of the solnble combiiintiun of caustic potash and 
oxide of tin, known as stannatc of potnsli, wliioh may 
be obtained by adding a solution of caustic potaith 
to a solution of perchloride of tin, until tlm pntcijii- 
tate at first produced is entirely rwUsstilvcd. If n 
piece of cotton impregnated with such a solution in 
dipped into dilute sulphuric acid, or u rtolutiun of 
muriate of ammonia, the alkaline cumbinutluu on I he 
cloth is decomposed, and peroxide of tin prccipitrLUnl 
within the fibre. The decomposition which onmniM 
on mixing stannate of potash with muriate of am- 
monia is quite andogous to that which uccurH on tiji< 
mixture of aluniinate of potash with muriate of 
ammonia (page 286). 

Protoaide of tin is frequently used as a nionlarit 
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alone, as well as the peroxide. This oxide may be 
applied from the protochloride of tin, which is pre- 
pared by dissolving metiiltic tin in pure muriatic 
acid to saturation, with the assistance of heat. One 
part of tin may be dissolved in about three parts 
of concentrated muriatic acid, and on evaporation 
the solution affords small colourless crystals, distin- 
guished as salts of tin. The solution of the pro- 
tochloride is known among dyers by the name of 
plum spirits, being used in the preparation of the 
plum ttth, which is a mixture of decoction of logwood 
with the protochloride. 

This salt has several interesting applications in 
calico-printing, both as a mordant and a deoxidizing 
agent, to which we shall again have occasion to 
advert. The solution of protoxide of tin in a caustic 
alkali, obtained by adding the alkali to the solution 
of protochloride of tin until the protoxide at first 
precipitated is redissolved, is frequently used in the 
place of the protochloride. 

When exposed to the air, a solution of protochlo- 
ride of tin absorbs oxygen, and affords, if not very 
acid, a white precipitate consisting of a subsalt of the 
peroxide. This inconvenience may be counteracted 
to a great extent by the addition of muriate of am- 
monia which combines with the protochloride to form 
a double salt, less disposed to absorb oxygen than 
the pure protochloride. 

The colours of the compounds of colouring mat- 
ters with peroxide of tin are generally much brighter 
than those of the same compounds with protoxide 
of tin, but solutions of the protoxide enter the pores 
of cotton fabrics better than solutions of the peroxide. 
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On this account, a practice sometimes pursued in 
dyeing cotton goods by a tin mordant, is first to 
apply the tin in the state of protochloride, and to 
form the peroxide afterwards, within tlie fibre, by 
wincing the goods in a dilute solution of chloride 
(^ lime. 

Irm, mordants — The principal simple prepara- 
tions of iron which are employed as mordants are 
tlie following: copperas, which is the sulphate of 
the protoxide; iron liquor, which is an impure ace- 
tate of the protoxide; the pemitrate, the sub-persul- 
phate, and the perchloride. The most available of 
these forms of iron is copperas ; but this salt is not 
well adapted as a mordant for cotton goods, as the 
powerful affinity of sulphuric acid for protoxide of 
iron is an impediment to the formation of an inso- 
luble subsalt. 



Acetate of irort; iron liquor. — The iron mor- 
dant commonly used in calico-printing is the acetate, 
which may be prepared by mixing a solution of 
acetate of lime or acetate of lead with a solution of 
copperas. A double decomposition ixicurs on the 
mixture of these solutions, with the formation of sul- 
phate of lime or sulphate of lead, which falls as a 
heavy precipitate, and acetate of protoxide of iron, 
which remains in solution. For the complete de- 
composition of copperas by acetate of lead, 10 parts 
of the former require about 13^ parts of the latter; 
but in the preparation of acetate of iron in this 
way on the large scale, the copperas is always em- 
ployed in excess, being seldom in so small a pro- 
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portion to the acetate of lead as an eqaal weight. 
By exposure to the air the acetate of the protoxide 
becomes partially peroxidized, being converted into 
a subacetat« of the peroxide. 

But nearly all the acetate of iron used in print- 
works is now prepared by digesting, for several 
weeks, old iron hoops, nails, &c., in the crude acetic 
acid obtained by the distillation of wood. A dark 
brown solution, known as the pyroligDite of iron or 
iron liquor, is thus obtained, composed of the acetate t 
of the protoxide of iron, and a quantity of tarry, 
oily, aod spirituous matters produced in the destruc- 
tive distillation of wood. As a mordant, this mis- 
ture is in general preferred to the purer article pre- 
pared by means of acetate of lead or acetate of lime, 
probably because the peroxidation of the protoxide 
of iron by exposure to the air during the " ageing" of 1)i 
the goods is i-etarded by the spirituous and unctu- 1 
ous matters present which have a stronger affinity 
for the oxygen of the air. A small quantity of the 
acetate of the peroxide of iron is sometimes contained 
in iron liquor, but by no means as an essential 
constituent. 

The principal pure persalt of iron used in dyeing 
and calico-printing is the nitrate, which is prepared 
by dissolving clean pieces of iron in nitric acid of 
specific gravity 1'305. Soon after the evolution of 
brown fumes ceases, the acid solution should be de- 
canted, so as to avoid the formation of the insoluble 
sub-pernitrate of iron. This solution of iron is used 
as a mordant with vegetable colouring matters, and 
also for producing a buff colour with an alkali (see 
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page 256), and Frsssian Mqc witfa jdlow ] 
of potash. 

A preparation of iron extensively employed ftt 
some priot^works in the place of the common acid 
pernitrate, is a mixture of the nentral ponitzate 
nith free acetic acid, obtained by adding aboot a 
pound of powdered acetate of lead to two pints of 
a solution of the pemitrate, of the density 1'55. 
The acetate of lead is decomposed by the free nitric 
acid present in the solution, with formation of ni- 
trate of lead, which is precipitated, and free acetic 
acid. 

A solution of a sub-pemitrate of iron, made by 
adding a small quantity of aa alkaline carbonate to 
the pernitrate, is also sometinies advantageously sub- 
stituted for the pernitrate prepared as above. The 
peroxide of iron at first precipitated may be re- 
dissolved on agitation, if only a small proportion of 
alkali has been applied. 

Two other forms of peroxide of iron have been 
occasionally employed as mordants; one analogous in 
its chemical constitution to basic alum (page 278), 
and the other to red liquor (page 280). The first 
is prepared by partially decomposing, by means of 
an alkaline carbonate, the persulphate of iron made 
by boiling copperas in dilute nitric acid. The oxide 
at first precipitated by the alkali is slowly redis- 
solved by the undecomposed persulphate, giving rise 
to the subsulphate of the peroxide. The prepara- 
tion of peroxide of iron, analogous to red liquor, 
may be made by adding one part, by weight, of 
acetate of lead to four parts of a solution of per- 
sulphate of iron of the density 1'65. Sulphate of 
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Ivad is precipitated, and the solution comes to coii' 
tain subsulpliate of the peroxide of iron, and per- 
aeetate of iron or free acetic acid. 

A patent has been recently obtained by Mr, 
llercer and Mr. Barnes for the preparation of an 
acidulons liquid for mixing with ferruginous mor- 
danti, which impiirts considerable brilliancy to the 
tints of all compounds of colonring matters (par- 
ticularly that of madder) with peroxide of iron. 
This liquid, known as '' assistant mordant," or "pa- 
tent purple liquor," is made by digesting farinaceous 
substances, starch, or sugar, in warm nitric acid, of 
moderate strength. The temperature of the mix- 
ture is not allowed to become high, in order to 
prevent the formation of oxalic acid. When all 
the nitric acid present is decomposed, a little py- 
ruligneous acid is added, and the mixture is then 
ready for nse. 

Fur producing a black die, with oxide of iron 
and madder, one measure of iron liquor may Ik; mixed 
with one or two measures of " assistant;" for light 
purples, the proportion of " assistant" may be in- 
eitasi-'d to tivc or sis measures. The beneficial action 
vf this pa'paration is considered to consist chiefly 
iu the rvtartlation of the peroxidizement of the iron 
mordant during the " ageing." 



'Vhe enlivening action of sti-ong acids and acidu- 
kMt» salts on the tints of some vegetable and animal 
cwlyui'UVs »iw*ttw-s, when applied in a diluted state to 
lljv' i,\*unK'iwds of colouring matters and mordants, is 
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a subject which deserves the particular attention of 
the djer and calico-printer. Instances of tliis efiect of 
the application of acids, either to the dyed cloth or to 
the infusion of the colouring matter, are of frequent 
occurrence ; and some bright shades of colour cauuot 
be obtained without the assistance of an acid, though 
the mode of action of the acid is by no means 
obvious. 

If a piece of cotton is printed or padded with 
iron liquor, dunged, winced in a mixture of chalk 
and hot water, and then dyed in a decoction of 
valonia or other vegetable matter containing tannin, 
it acquires merely a dull drab colour. But if the 
cloth thus dyed is exposed for a short time to the 
fumes of hydrochloric acid, or if winced in very dilute 
solphoric or hydrochloric acid, the colour of the cloth 
changes from drab to slate colour or black, according 
to the quantity of mordant on the cloth. Acetic acid 
produces the same effect, but not in so powerful a 
manner as sulphuric acid, of which a mere trace is 
as effective as a much larger quantity. The colour 
of the compounds of both oxides of tin (but espe- 
cially that of the protoxide) with the colouring mat- 
ter of logwood may also be greatly enlivened by the 
application of very dilute sulphuric acid, and a good 
scarlet or crimson cannot be obtained from cochineal 
with a tin or aluminous mordant without the in- 
troduction of tartaric or oxalic acid or cream of 
tartar. 

That the mode of action of the acid in such cases 
varies with different colouring matters and mordants 
hardly admits of doubt, The quautlty of acid re- 
quired in some cases is far too small to warrant 



296 DYEING AND CALICO-PBINTING. 

the supposition that it enters into a permanent che- 
mical union with the colouring matter and mordant ; 
but in other cases a sensible quantity of iwjid dis- 
appeani, and seems to enter as an essential consti- 
tuent into the composition of the colouring material. 

In cases where the acid does not enter into a 
permanent chemicul combination with the mordant 
and colouring matter, it may be considered to act 
in two ways: 

1. By preventing the deposition of an excess of 
the colouring matter on the mordanted cloth, or by 
removing sucli an excess, if already deposited, through 
its solveut power ; 

2. By effecting the disintegration of the particles 
of the mordant, whereby the latter is enabled to 
form a more intimate combination with the colour- 
ing material. 

When a piece of cotton cloth impregnated with 
a mordant in the ordinary manner is immersed in 
the dyeing decoction, it often absorbs more coloiu-- 
ing matter than is necessary to form what may be 
considered as the neutral compound of colouring 
matter and mordant. But this excess of the colour- 
ing principle is frequently prejudicial to the tint 
of the compound of the mordant with a smaller pro- 
portion of colouring matter, with which the excess 
is in a state of loose combination, being held, pro- 
bably, by a mere attraction of surface (see page 237), 
and not by chemical affinity. Thus the compounds of 
both oxides of tin with an excess of the colouring mat- 
ter of logwood are considerably inferior in vivacity 
of colour to the compounds of the same oxides with 
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a smaller proportion of the colouring matter. The 
diilness of the colour of a piece of cotton mordanted 
with iron liquor, dunged, winced in hot chalky water, 
and dyed in a decoction of valonia (see page 295), 
may be attributed to the deposition of an excess of 
tannic acid (which is the astringent principle of 
the valonia) on the neutral and darker coloured 
tannate of iron. 

Now one effect of the upplication of a small 
(juantity of a strong acid to the decoction of the dye- 
stuff, may be the prevention of the attachment of this 
excess of colouring matter to the mordanted cloth ; 
an acidulous liquid being generally a more power- 
ful solvent of the- colouring principle than pure 
water ; and a corresponding effect may take place 
when the dyed cloth containing an excess of colour- 
ing matter is exposed to an acidulous liqnid, the 
excess being then partly removed from the cloth, 
through the solvent power of the acid. 

But a more important effect to be attained by 
the application of an acid is the disintegration of 
the mordant on the cloth, whereby the interior par- 
ticles of the mordant become placed in a better con- 
dition for combining with and retaining the colour- 
ing matter. During the drying of a mordanted 
piece of cotton, the mordant always becomes more 
or less aggregated ; and if the cloth is exposed to 
a high temperature, the aggregation may become 
so great with some mordants that very little colour- 
ing matter is absorbed when the cloth is immersed 
into the dyeing liquid containing no free acid. A 
remarkable difference may be observed between the 
auantity of the colouring matter of logwood ab- 
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sorbed by a piece of cotton impregnated with either 
perchloride or protochloride of tin, and dried at a 
very gentle heat, and the quantity of the same co- 
louring matter absorbed by a piece of cloth containing 
the same mordant, but dried at as high a temperature 
as the cloth will well support. Even two pieces of 
cotton containing similar quantities of the same tin 
mordant, both dried at a low heat, but one washed 
in cold water after being dried, and the other in 
hot water, present a very sensible difference in 
shade when dyed in the same infusion of logwood. 
It is difficult to conceive how such effects are pro- 
duced, except through differences in the state of 
aggregation of the mordant on the cloth. 

But the addition of a small quantity of sulphuric 
acid to the dyeing liquid, causes the production of 
an uniform and bright colour in both pieces of cotton, 
whether dried at a high or low heat, or washed in 
hot or cold water. A mere trace of acid is generally 
suSioient to produce this effect, hence it cannot he 
supposed to act in all cases by forming a permanent 
chemical combination with the colouring material. 

- The disintegration of the precipitated mordant 
on the cloth seems to be the principal effect of the 
application of an acid in such cases as those now 
under consideration. The interior, uncombined, par- 
ticles of the mordant thereby become exposed, and 
placed in a condition to unite intimately with the 
colouring material, the latter being derived either 
from the dyeing liquor or from the excess in loose 
combiuatiou with the exterior particles of the mor- 
dant. 'J'he disintegration of the mordant by the 



acid may possibly be a mere mechanical effect,* in- 
dependent of any chemical alteration of the mor- 
dant, but the action of the acid admits of a more 
satisfactory explanation. The precipitated mordant 
is probably first dissolved by the acid, but is im- 
mediately reprecipitated in intimate combination with 
the colouring matter ; the acid thereupon becomes 
liberated, and enabled to act in the same manner 
on other portions of the mordant. Whether the acid 
be mixed with the dyeing infusion, or applied as 
an alterant (see page 270) to the dyed cloth con- 
taining an excess of colouring matter, its action is 
of the same nature. An illustration of this prin- 
ciple is afforded by an experiment before referred 
to, which consists in exposing to the diluted fumes 
of muriatic acid a piece of cotton, with oxide of 
iron as the mordant, died to a drab coloiir in in- 
fusion of valonia (sec page 295). The tannin or 
the astringent principle of the valonia is united 
only with the exterior particles of the oxide of ijou, 
but is there contained in excess ; on the application 
of the acid both the excess of tannin and the in- 
terior particles are dissolved, brought into contact, 
and precipitated in intimate combination, the mu- 
riatic acid being liberated to act on other portions 
of oxide of iron and tannin in a similar manner. 

^X The preceding explanation of the enlivening ef- 

^"^* Examplia of llic cliEiulogration of precipitates, by being digested iji 
in muiil liquid, wliicli exeits do diemicDl ueUoii uri ibo prccipitatcB, ofc 
bj DO means rtirc. Thus, an intimate mixture ut' |iure PruvGian blue 
with bydtochluric acid api)cars to bccumt a pejleel HoJuliutj uu standing ) 
bill the particles of tho piguieut art; merely diiiinli.'gi'atcd, and still c^sl 
u iiiaoliibk' foi'[ii. 
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fects produced by the application of acids to com- 
pounds of organic colouring matters and mordants, 
refer only to those cases in wliich the quantity of 
acid sufficient to produce the effect is too small to 
warrant the supposition that it enters into a per- 
manent chemical combination with the colouring ma- 
terial. In other cases a sensible quantity of free 
acid unites with the compound of mordant and co- 
louring matter, and modifies the properties of the 
latter by causing a new disposition of its particles. 

That the purple compound of the colouring matter 
of cochineal with protoxide of tin, for example, is 
capable of uniting with free sulphuric acid appears 
evident from the following experiment, communicated 
to me by Mr. Mercer. When a solution of pro- 
tochloride of tin is added to a decoction of cochineal, 
a purple lake is precipitated, consisting of a compound 
of the colouring matter of cochineal with protoxide 
of tin mixed with an excess of the protoxide. This 
lake is collected on a filter, carefully washed with dis- 
tilled water, and digested in a given quantity of a 
solution of carbonate of soda of known strength. 
The proper compound of colouring matter and oxide 
of tin then dissolves in the alkaline carbonate, and 
the excess of oxide of tin remains undissolved. On 
mixing an excess of sulphuric acid with the alkaline 
solution the pure lake is reprecipitated of a much 
richer colour than before being thus treated ; but 
the reprecipitation of the pure lake requires con- 
sideriibly more acid than is necessary to neutralize 
the alkali. None of the lake is thrown down if no 
more acid is applied than the quantity exactly ne- 
cessary for the neutralization ; but on adding more. 
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the precipitation immediately commences, though no 
free acid can be detected in the mixture until the 
lake is completely thrown down. 

It is difficult to determine, precisely, the nature of 
the modification which colouring matters, or com- 
pounds of colonring matters and mordants, experience 
by combining with an acid in such a case as the pre- 
ceding; some considerations on tliis subject, however, 
may not be without a practical application in the 
operations of the dye-house. 

Soluble vegetable and animal colouring matters 
have the property of uniting both with acids and 
bases; with acids they form feeble combinations pos- 
sessed of lively tints ; but with bases they afibnl 
stronger combinations, having less vivacity of colour. 
In general, the more closely a mordant resembles an 
acid in its chemical character, the brighter are the 
tints of its compounds with colouring materials. 
Thus, peroxide of iron and peroxide of tin, which 
appear to act the part, sometimes, of feeble acids, 
produce compounds with colouring matters having 
brighter colours than similar compounds with pro- 
toxide of iron and protoxide of tin. But metallic 
protoxides, which possess a greater basic power than 
their corresponding peroxides, generally form more 
intimate combinations with soluble organic colouring 
materials, than the peroxides, especially if the pro- 
toxide is of itself a stable substance, as protoxide of 
tin. Some metallic protoxides also unite with a 
large quantity of colouring matter than peroxides, 
but it is uncertain whether the excess is held by 
chemical affinity or by a mere attraction of aggrega- 
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tion dependent on the state of the surface of what 
we may consider as the neutral compound of colom^ 
ing matter and mordant. 

For tissues which can combine with and retain 
strong acids without injury to the fibre, as wool and 
sUk,* protoxide of tin is as suitable a mordant as 
the peroxide, because the brightening effect which the 
mordant fails to produce may be obtained by the 
application of an acid. For this purpose oxalic acid 
is frequently applied to woollen goods containing pro- 
toxide of tin as the mordant. 

But as very few strong acids can be applied to cot- 
ton goods without weakening the fibre to a greater or 
less extent, it becomes necessary, in order to obtain 
bright colours, to apply such mordants only as possess 
some resemblance to acids, as alumina, and the per- 
oxides of iron and tin. In the action of such bodies 
on soluble organic colouring materials two forces may 
be recognized: by one, the mordant acts as an acid, 
producing an enlivening of tint; by the other it acts 
as a base, producing an intimate and stable combi- 
nation. 

* If silk and vioal arc digeetcd in dilute suljihuric or muriatic acid, a 
portion of the acid combinea with tlie atuffis, and the liquid is found 
weaker after than before the immersion. The oniBiol tissues alsn cotn- 
bioc with turtaric aeid when digested in a solution of cresm <if tartar 
(bimrtrate of jiotosh), Icuring neutral tarlralc of potash behind. Bui 
cotton exhibits no such disposition to unite with acids, and when di- 
gested in dilate sulphuric or muriatic acid, abstracts the water in pre- 
ference Ut the acid, thus making the liquid more ncid than before the 
n of the cotton. 
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A3 the precipitation of tbe mordant in the form 
of an insoIiil>le sufisalt dnring the hanging or " age- 
ing" of cotton goods is never complete, it becomes 
necessary to remove the nnprecipitated mordant from 
the cloth before the dyeing, else a quantity of su- 
perfluous colouring matter will be deptraited on the 
surface of the cloth, which would have to be removed 
by subsequent operations, besides causing an unneces- 
sary impoverishment of the dyeing liquid. But the 
necessity for removing the superfluous mordant is 
chiefly experienced with cotton goods on which the 
mordant is printed so as to produce a pattern. If 
all the monlant which remains in a soluble form is 
not completely removed from such goods, a portion of 
it may become distributed over the whole surface of 
the cloth when the pieces are washed in water or put 
into the dye-beck. 

One process for effecting the complete removal 
of the nnprecipitated mordant consists in simply 
drawing the dried goods through a warm emulsion 
of cow-dung and water. The emulsion is usually 
contained in two stone cisterns, each about sis feet 
long, by three feet wide and four feet deep : that in 
one cistern contains about two gallons of dung, to 
the cistern-fiill of hot water ; that in the second con- 
tains only half this proportion of dung. The cloth, 
on being taken from the "ageing" room, is first 
drawn pretty quickly through the emulsion contain- 
ing most dung, and immediately afterwards through 
the other; the cisterns being usually ]ilaced end t«j 
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end, to allow the cloth to lie conducted directly from 
the first to the second. The cloth is guided in its 
passage through the cisterns Ly four or five rollers 
placed at each end, it being essential to the success 
of this operation that the pieces should be extended 
and free from folds. Immediately on issuing from the 
second cistern, the cloth is passed over the reel of a 
contiguous wince-pit (see figs. 31, 32, page 314), where 
it is well washed in clean water, and from the wince- 
pit it is generally taken to the dash-wheel. If the 
mordant on the cloth is the aluminat£ of potash, some 
muriate of ammonia is added to the dung emulsion, 
to ensure tlie precipitation of alumina, which it ef- 
fects by a reaction explained at page 286. Occa- 
sionally, the cloth containing aluminate of potash is 
passed through a solution of muriate of ammonia 
before it is exposed to the dung emulsion. 

In calico-printing, the dunging process is necessary 
for all kinds of aluminous, iron, and tin mordants, 
when applied to the cloth before the colouring matter. 
The time of immersion, the temperature of the mix- 
ture, and the number of pieces which may be passed 
through a given quantity of dung and water, depend 
entirely on the state and quality of the mordants, 
and on the nature of the thickening paste by which 
the mordants are applied. A piece of cotton with 
a mordant which lias a strong acid requires a longer 
time than a piece the mordant on which has a weak 
acid; and when the thickening paste for a mordant 
is flour or starch, a higher temperature is required 
than when British gum or common gum is used. 
The usual temperature of the dung emulsion is 160° 
orlSO-Fahr. 




; is one of the most important steps in the 
ess of calico-printing; and if hadly performed, 
cially when the mordant on the cloth is alumina, 
success of the subsequent dyeing is sometimes 
tly endangered. The operation has for its object, 
merely the removal of the superfluous mordant, 

in printed goods of the thickening paste by 
;h the mordant is applied, but the determination 

more intimate union between the mordant and 
stuff, which it seems to effect by converting the 
ingly soluble subsalts on the fibre into other 
pounds, perfectly insoluble. 
Jthough the objects of the operation of dunging 
sufficiently obvious, yet the precise manner in 
;h they are attained is involved in some uncer- 
ty. According to an analysis by M. Penot, cow- 
5 contains the following ingredients in 100 parts. 

I COMPOSITION OF COW-DUNG. 

Woody fibre 26-39 

' Albumen 0-63 

CUorophyi 0'28 

A sweet substance 0-03 

A bitter niEitter 0-74 

Chloride of Eodium 0-08 

Sulphate of potash O-Ofl 

Sulphate of lime 0-26 

Caxhonalc of lime 0-84 

Phosphate of lime 0'46 

Carbonate of iron 0-09 

Silica 0-14 



li Water 

t (Lo« 

L 
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It is generally admitted that the superfluons or 
onprecipitated mordant is immediately dissolved by 
the hot water; hut instead of remaining in a Etate 
of solution, it is entirely precipitated in an insoluble 
form, partly by the albuminous constituent of the 
dung, partly by the phosphate and carbonate of lime, 
and partly by the insoluble ligneous fibre, and is 
therefore rendered incapable of attaching itself per- 
manently to the cloth. But it appears that a small 
portion of the superfluous mordant dissolved from the 
cloth by the hot water, instead of being afiterwarils 
precipitated, is permanently retained in solution in a 
peculiar state of combination with the animal matter 
of the dung ; one of the characters of which combina- 
tion is, that it is incapable of affording a precipitate 
of subsalt or oxide to the cloth. The precise nature 
of this compound of the mordant with organic matter 
is not known, but it is believed to be analogous to 
that of several soluble combinations of metallic oxides 
with organic matters which are not affected by cer- 
tain chemical reagents in the same manner as ordinary 
salts of such oxides. Thus, a salt of the protoxide 
of copper in the presence of several organic sub- 
stances, sugar for instance, is not precipitated by a 
solution of a caustic alkali ; the double tartrate of the 
peroxide of iron and potash does not afford a pre- 
cipitate of peroxide of iron when mixed with a solu- 
tion of caustic potash, nor does it yield a subsalt to 
cotton, like most other ferruginous salts. 

The constituents of the dung which appear to be 
principally concerned in the fixation of the mordant 
on the cloth are the albuminous and soluble vegeta- 
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ble matters and the phosphate of lime. The formear 
act partly by uniting with the base of the snbsalt 
on the cloth, liberating its acid and forming a new 
combination more insoluble than the preyious sub- 
salt. The liberated acid may soon be detected in 
the liquid by the test of blue litmus paper, and 
requires to be neutralized, in a few processes, by 
the introduction of chalk.* The albuminous matter 
of the dung seems also to exercise an influence as a 
detergent or an emollient, whereby it considerably 
facilitates the detachment of the loosely combined 
mordant. 

The action of the phosphate of lime in the dung 
emulsion is to cause the formation on the cloth of 
phosphate of alumina or phosphate of iron by a 
double decomposition, the acid in the snbsalt uniting 
at the same time with the lime of the phosphate. 
Both phosphate of iron and phosphate of alumina 
are quite insoluble in water, and also in acetic acid, 
if warm. 

Within the last few years the dung emulsion has 
been superseded, either partially or entirely, in all 
well-conducted print-works in this country, by a 
solution of phosphate of soda and phosphate of lime, 
known by the name of " dung substitute," or simply 
" substitute," for the preparation of which a patent 

* On the Continent, it is a common pmctiee to add to the dung emul- 
sion, in all cases, either chalk oi bicarbonate of soda, the latter being 
pefcrred ; but it is unusual in this country lo make any such addition 
to the dung, except in cases where the cloth contains a Irce acid or 
acidulous salt, as lemon -Juice oi bieulphate of potash. The smallest ex- 
cess of an alkaline carbonate sliould be avoided when alumina is the 
mordant on the cloth. 
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has been obtained by Mr. Mercer, Mr. Prince of 
Lowell, Massachusets, and Mr. Blyth. A solution of 
an alkaline arseniate had been long previously used 
as a substitute for dung by Mr. Mercer. 

Dung substitute is prepared by mixing sulphorio 
acid with bone-earth, which consbts chiefly of phos- 
phate of lime; the acid not being applied in suffi- 
cient quantity to decompose the phosphate of lime 
entirely, but to produce an acid phosphate, or a 
solution of the phosphate in free phosphoric acid. 
Carbonate of soda is then added to neutralize the 
free acid completely, and the mixture is evapo- 
rated until the residuary mass becomes almost dry. 
When the concrete thus obtained is mixed with water, 
it affords a solution of phosphate of soda containing 
some phosphate of lime; a white mud remains un- 
dissolved, consisting of sulphate, carbonate, and a 
little phosphate of lime, which should be carefully 
stirred up when the liquid is about to be used. 

This preparation is not, of itself, an efficient sub- 
stitute for all the essential, or at least for all the im- 
portant, constituents of the dung emulsion. To sop- 
ply an emollient and detergent substance in the place 
of the albuminous matter of the dung, it is foimd 
necessary to mix with the above liquid a solution 
of glue or some other form of gelatine. The material 
employed for this purpose in most print-works is 
a solution of bone-fiize, called "cleansing liquor," 
which is made by boiling bones in water for nearly 
a week, separating the fat which rises to the surface 
of the liquid, and evaporating the aqueous solution 
of gelatine until it attains a density about 36" Twad- 
dell (1-180). The advantage of making this addi- 
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tion to the phosphates was first pointed out by Mr. 
Mercer. 

When the "aged" cloth is passed through a mised 
solution of substitute and gelatine, the latter greatly 
facilitates the separation of the loosely combined mor- 
dant, ajid prevents its re-attachment, while the phos- 
phate of lime and phosphate of soda in the former 
serve to fix the alumina and oxide of iron in more 
intimate combination with the stuffs by converting 
them into phosphates. The acids preriously in com- 
bination with the alumina and oxide of iron (when 
these bases existed as subsalts) unite at the same 
time with the soda and lime of the substitute. 

The following detailed account of the best mode 
of applying the solution of substitute to mordanted 
goods has been communicated to me by Mr, Mercer. 
It refers to cases in which dung is entirely dispensed 
with, and in which the mordant is applied to the 
cloth topically. 

The cloth is exposed to the action of two solutions 
of the substitute consecutively; that first applied, 
which is considerably stronger than the other, may be 
contained in a common dung cistern capable of hold- 
ing not less than six hundred gallons, and furnished 
with a series of rollers so as to allow the immersion of 
fifteen yards of cloth at the same time. The weaker 
solution of substitute is applied to the cloth in a 
wince-pit. 

A normal solution of substitute, called " substitute 
liquor," is first made by dissolving the substitute in 
warm water at the rate of two pounds to the gallon. 
MSix gallons of this substitute liquor and two gallons 
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of the cleansing liquor are introduced into the cistern, 
which is then filled with hot water, and the pieces of 
cloth are passed through at the rate of thirty yards 
per minute. The temperature of the solution may 
be the same, in general, as that of the dung-heck, 
in the common dunging process : for madder purples 
and pale reds it should never exceed 140° Fahr., but 
for madder blacks and full reds it may be a little 
higher. This cistern requires to be frequently re- 
newed by the addition of fresh quantities both of 
substitute liquor and cleansing liquor. A gallon of 
the former and a quart of the latt«r may be added 
for every thirty or fifty pieces, according to the 
** heaviness" of the work, or the quantity and strength 
of the mordant on the cloth. 

When removed from the first cistern, the pieces 
are well washed in water;* aft«r which, they are 
winced in the weaker solution of substitute. This 
solution may be contained in a wince-pit or cistern 
capable of holding about three hundred gallons, with 
which quantity of hot water there should be mixed 
two quarts of substitute liquor and one quart of 
cleansing liquor. In this liquid twenty-eight or 
thirty pieces are winced for twenty or twenty-five 
minutes, at a temperature about 10° lower than the 
solution first applied. The second cistern requires to 
be renewed by the addition of two pints of substi- 
tute liquor and one pint of cleansing liquor for every 
twenty-eight pieces. Both this and the first cistern 
should be fresh charged every morning, and emptied 
at night. 

* If the work is heavy, ii is also recomiiJendeJ lo pass them between 
■he squi'eziiig rollers and ngatii wash them ir 
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The only remaining operation to which the pieces 
are subjected, previous to being dyed, is a thorough 
washing in water; and if the work is heavy, they 
should also be passed between the squeezing rollers, 
and again washed. 

Where the use of dung is only partially superseded 
by that of the substitute, the pieces are sometimes 
first passed through the common dung emulsion and 
afterwards winced in a weak solution of substitute 
mixed with cleansing liquor or glue: or the pieces 
may be first passed in the ordinary manner through 
a mixture of half the usual quantity of dung with 
half the above proportions of substitute liquor and 
cleansing liquor, and be afterwards winced in a solu- 
tion of substitute of the same strength as the second, 
applied as above without any dung. For madder 
reds, the mixture of dung and substitute seems to 
be more advantageous than substitute or dung alone ; 
but for madder purples and black, a preference is 
given to the use of the substitute only. 

The exposure to dung or substitute of cloths mor- 
danted with alumina, should not be prolonged a suf- 
ficient time to allow of the union of the alumina with 
a full proportion of phosphoric acid ; for colouring 
matters do not readily displace phosphoric acid from 
such a combination. The phosphate of iron, on the 
contrary, is easily decomposed by colouring matters. 

In a few dyeing processes where it is of importance 
to avoid the aggregation of the particles of the mor- 
dant as much as possible, the pieces, instead of being 
exposed to dung or substitute, may be winced in a 
mixture of chalk and size with hot water. In this 
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case, the chalk serves to fix the mordant on the cloth 
by withdrawing the small quantity of acid remaining 
in the subsalt; and the loosely combined mordant 
separated by the water is precipitated by the chalk, 
and thus rendered incapable of attaching itself 
to the fibre. If the goods contain an aluminous 
mordant, the process of wincing in chalky water 
should not be prolonged, and only a small proportion 
of chalk should be employed, as the precipitated 
alumina itself is apt to be removed by the action of 
an excess of chalk. 

The dunging process is sometimes superseded liy 
the operation of hranning, which consists in wincing 
the goods in a mixture of bran and hot water. The 
action of bran is probably quite analogous to that i 
of dung, the unprecipitated mordant dissolved by 
the water being separated from the liquid by the 
insoluble ligneous matter, while the undissolved mor- 
dant becomes more strongly attached to the cloth 
by combining with the mucilaginous and glutinous 
matters present, and also with the phosphoric acid 
of the phosphate of lime in the bran. The only 
cases in which branning is preferred to dunging are 
those in which the cloth is afterwards dyed to deli- 
cate shades of colour by means of cochineal and fugi- 
tive colouring matters. 

After having been thus exposed to the action of 
either dung, substitute, chalk, or bran, the mor- 
danted goods are ready to be exposed to the infusion 
of the dye-stuff; and, in general, the sooner this is 
done, the better is the colour they assume. 

The different vegetable colouring matters vary so 
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considerably in properties, that few observations of 
general application can be offered on the modes of 
preparing the various dyeing liquids. If the sub- 
stance is very soluble, its solution may be made in 
the cold; but if only slightly soluble, heat may be 
applied, provided the colour is not det«riorated by 
exposure to a moderate heat. When a highly charged 
solution is required, (such as the topical and steam 
colours used in calico-printing,) concentration by eva- 
poration ia had recourse to; many vegetable colours, 
however, will not support a continued ebullition with- 
out losing something of tlieir colour. If the goods 
are not kept in constant motion when in the dye- 
beck, the infusion should be freed from the insoluble 
ligneous matters by decantation or filtration ; in some 
cases this operation may be avoided by enclosing the 
tinctorial matters in bags, which are witlidrawn from 
the liquid when sufficient colour is imparted. But 
if the goods are kept in continual motion in the 
vegetable infusion, as is almost always done with 
cottons, the separation of the insoluble matters is 
unnecessary. The vegetable material is commonly 
introduced in a state of coarse powder into the dye- 
beck containing cold water ; the pieces of mordanted 
cotton to be dyed are put in at the same time, and 
the temperature of the liquor is gradually increased 
by the introduction of steam. 

In the dyeing of cottons, motion may be commu- 
nicated to the goods, while in the dye-beck, by 
a wince or reel placed horizontally over the middle 
of the dyeing vessel, so that the cloth may be made 
to descend into either comj)artment of the dye- beck by 
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the rotation of the reel. The dyeing vessel, which 
is commonly constructed of wood,* is represented in 
cross and longitudinal section at figs. 31 and 32: 



Fig. 31. 



Fig. 32. 




I 



a y :'■■ ■■■■■!, !■■ ;iT;iining six long wooden spars on 
its circnmference ; it is set in motion by being con- 
ni-cted with one of the driving shafts of the factory. 
Steam is admitted to the vessel by the pipe i, the 
upper surface of which has a great number of small 
perforations. Twelve, eighteen, or twenty-four pieces 
of cotton, which are stitched together at their ends 
so as to form one endless web, pass over the reel 
in the direction of the arrows, and fall on a sloping 
iron ledge g, on one side of the vessel, from which 
they pass under the two rollers c and d. Four, five, 
or more of such endless webs may be set in motion 
by the same reel, they being prevented from en- 
tangling by wooden bars represented at e, which 

* For maJiler work, liyc-hecks made of iron have been lately suti- 
slitiileil fur iIhisc of wood. When the metal is com pi utcly covered wiUi 
oxiilt-, it excrlB iiu injurious action on thu colouring n; 
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reach from a cross-bar at the top of the vessel to 
the back. An inclined partition, f, extends through 
the whole leagth of the djeing vessel, formed (rf 
several wooden spars placed a few inches apart irom 
each other. The ordinary dimensions of the dyeing 
vessel are, six feet in length, four feet in width, and 
four feet in depth. 



Such is a general view of the course of operations 
practised in the dyeing of goods with colouring mat- 
ters which are naturally soluble in water, by the 
intervention of a mordant. If the colouring prin- 
ciple is insoluble in water, the mordant may be dis- 
pensed with ; but it then becomes necessary to de- 
vise some means of obtaining such a solution of the 
colouring substance as will allow the deposition of 
the latter in its insoluble state, when a cloth im- 
pregnated with the solution is exposed to some che- 
mical agent. This forms the third style of dyeing in 
the classification proposed at page 262. The prin- 
cipal insoluble vegetable colouring materials are in- 
digo, safflower, and annatto, the nature of the pro- 
cesses for applying which to cloth has already been 
explained (page 243). 

The only other style of dyeing which remains to 
be noticed is entirely different from either of the 
preceding ; it is practised only on goods formed of 
the animal tissue, and admits of no more than one 
example in illustration. By this style, an orange 
colour is imparted to silk and wool, not from the 
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certain chemical change in the fibre, through the 
action of dilute nitric acid. The orange colour is 
due to a substance formed by the decomposition of 
a portion of the silk or wool itself by the acid. 

The temperature of the dye-beck at the time of 
dyeing depends almost entirely on the nature of the 
colouring matter. If it is readily attachable to the 
tissue, as indigo and colouring principles derived 
from metallic substances, for instance, and if easily 
altered by heat, as safflower, the dyeing solution 
may be used cold. But a hot liquid generally af- 
fords the most uniform colour, partly on account of 
the more ready disengagement of air-bubbles from 
between the fibres of the cloth. Dyeing with vege- 
table and animal colouring matters which require 
a mordant is also effected more rapidly with the as- 
sistance of heat, owing to the increased disposition 
of the mordant to unite with the colouring principle. 
In a few dyeing processes, however, where the mor- 
dant exists on the cloth in a soluble state when 
about to be dyed, a high temperature in the dye- 
beck is injurious, from the separation of a portion 
of the mordant from the cloth by the solvent action 
of the dyeing liquor. Hence it is that cotton, silk, 
and flax, impregnated with alum, absorb more co- 
louring matter from some solutions at the ordinary 
temperature than at the boiling point. Where the 
operations are conducted on anything approaching 
a considerable scale, the most convenient and the 
most economical source of heat for the dye-beck is 
steam, which may be applied in three ways : 1°, by 
introducing it directly into the liquid by a pipe 
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leading from the boiler ; 2^, by causing it to cir- 
culate through a spiral pipe placed in the dye-beck ; 
and 3°, by introducing it between the dye-copper 
and an exterior wooden case. 

The vessels in which the dyeing decoctions are 
made and concentrated by evaporation, are usually 
of copper ; for some delicate dyes, when a steam heat 
is applied, they are made of tin or of copper tinned 
inside. Copper boilers sometimes exercise consider- 
able influence on the tints of the decoctions prepared 
in them, owing to the solution of some oxide of cop- 
per from the surface of the metal, by an acid exist- 
ing either in the mordant or the dye-stuff. A so- 
lution of alum which has been boiled for some time 
in a copper vessel affords, with ammonia, a blue 
instead of a white precipitate ; and wool acquires a 
greenish-grey tint when kept for some hours in a 
boiling solution of alum with cream of tartar con- 
tained in a copper vessel, which would not happen 
r'th the same solution in a vessel of tin. 
In general, the vegetable and animal fibres be- 
come coloured much more readily when unspun than 
when wove into cloth. Wool in flocks, after having 
been washed, digested in an alkaline ley, and bleached 
by sulphurous acid, takes more colour than when 
spun into yarn, and the yarn more than when wove 
into cloth. This doubtless arises from the compara- 
tive difficulty with which the solution of the colour- 
ing matter obtains access to the internal fibres of the 
spun or woven tissue. The colour of the interior 
of a piece of thick woollen cloth dyed in the piece, 
13 often less intense to the eye than the colour of 
HfQie exterior. Certain disadvantages, however, some- 
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times attend the dyeing of wool in ilocks and 
thread : some colours, for instance, are susceptible 
of alteration in the subsetjuent manipulations 
weaving ; the texture of the fibre is sometimes al- 
tered so as to present inconveniences in these opera-' 
tions, and it is more expensive from the subsequrat 
waste of some of the materia). 

The routine of finishing operations practised on 
cloths after being dyed, is varied considerably, ac- 
ciH^ing to the style of work and the nature of 
the stufl' operated on. When the goods have re- 
mained a sufficient length of time in the dye-beck, 
they are removed and carefully washed in water to 
separate the coloured liquid retained mechanically 
between the fibres. The drying of the washed goods, 
if of silk and wool, is usually efiected by exposure 
to the air at common temperatures ; but occasionally 
heat is applied, the goods being introduced into a 
well ventilated apartment heated by the circulation 
of steiim-pipes. The drying of goods dyed with de- 
licate colours should always be performed in the 
shade. 

The following account of the course of finishing 
operations practised on calico printed and dyed ac- 
cording to tlie madder style, will afford a general view 
of the treatment of cotton goods after having beon 
dyed by means of a vegetable infusion with the in- 
tervention of a mordant. Some of the operations 
here noticed are unnecessary, however, in other styles 
vf dyeing and printing. 

lutme4.Uatety contiguous to the dye-beck are usually 
l>liicvd two stone cisterns containing cold water, each 
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surmounted by a reel, similar to that shewn in fig3. 
SI and 32. In one of these cisterns the cloth is 
washed as soon as it is taken out of the dyeing 
liquor, motion being communicated to the cloth by 
means of the reel. From the first cistern the pieces 
are transferred to the second, containing clean cold 
water, and from thence to a washing vessel of par- 
ticular constraction, called the dash-wheel (fig. 33). 




This is a hollow, circnlar, perpendicular wheel of five 
or sis feet in diameter, and nearly two feet in depth, 
divided into four equal compartments by partitions 
proceeding from the axis to the circumference, each of 
which has a circular opening on one face of the wheel. 
Water is admitted into the compartments by a pipe 
coDceutric with the axis on which the wheel rotates. 
The pieces of cloth to be washed are put into the 
Cf^l^partments through the circular openings in front, 
and water being admitted, the wheel is made to rotate 
rapidly, and thus wash the cloth with considerable 
agitation. 

In the washing of cloths which reiinire delicate 
treatment, as those dyed with fancy or spirit colours, 
for which the action of the dash-wheel is much too 
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energetic, another washing apparatus is employed, 
called the rUising machine, an idea of the ordi- 
nary construction of which will be afforded by tlie 
representation of its longitudinal section at fig. 3i 
It consists of a rectangular wooden cistern of from 
twenty to thirty feet long, three feet wide, and four 
feet high at one end, and three feet high at the other. 
The cistern is divided transversely into from six to 

Fig. 24. 




ten compartment:?, by partitions which gradually de- 
crease in height from the higher to the lower end of 
tlie vessel. In each compartment except the highest 
are placed three rollers, to regulate the passage of the 
clotli through the cistern, two of the rollers being near 
the bottom and the other at the top. Above each par- 
tition are placed two more rollers nearly in contact ; 
and those above the higher end of the cistern and the 
first i>artition are sc[tieezing rollers subject to consi- 
derablo pressure, and worked by machinery connected 
with one of the driving shafts of the factory. The 
pieces of cloth to be washed are introduced into the 
eisteni at the lower end, and traverse each compart- 
ment successively, being drawn through by the trac- 
tion of the squeezing rollers at the upper end. A 



stream of dear water is made to flow ate Ae tast&n 

at the higher end and oat at the lower, while the 
cloth is passing in the opposite direction ; by which 
arrangement the cloth is brought soecessirely into con- 
tact with purer portions of water and is discharged 
at the top perfectly clean. In the machine repre- 
sented in the above figure, the water flows fit>m one 
compartment into another through apertures near 
the tops of the partitions, and not over the par- 
titions. In another form of the rinsing machine, 
the water passes from one compartment into the 
nest through apertures at the tops and bottoms of 
the partitions alternately. It is to be observed that 
this machine is used only for goods which require 
more delicate treatment than is compatible with the 
dash-wheel or the wince-pit. 

While the cloth is in the dye-beck, a considerable 
quantity of colouring matter attaches itself to the sur- 
face of the cloth, not in chemical combination with 
the mordant, but too strongly attached to be easily 
removed by washing in clean water. To get rid of 
this superfluous colour, the cloth, after having been 
washed at the dash-wheel, is winced either in a mix- 
ture of bran * and boiling water, containing about 

* Id effecting the remova! of litis excess of colouring Dinltct, llio most 
active constituent of the bran seems to be ihc husky part. The ftebly 
cotubincd colouring principle dissolved bf the hot water and the muci- 
Inginoua matters present, instead of being retained in solution, is preei- 
jiitatcd on the imuky surfuec, and ttius prevented (rum again nltacliitig 
itself to tlie cloth. Coarse bran is better adapted for ibis purpose than 
line, and flour aeems to be altogether useless. An interesting memoir by 
M. Kmchliu-Schouch, on the use of bran in this opemtion (termed 
"clearing"), iK coniained in the ninth voUune of the Bulletin dt la St>- 
ciile Indiulriette de Mulhuiai-n. 

Y 
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a bushel ami n liitlf of wlieat bran for every ten pieces 
of calico, or else in a dilute solution of soap. The 
addition of a little caustic alkali to the soap or bran 
is sometimes made; but neither an alkali nor soap 
can be used for this purpose without great care, as 
the tints of all vegetable colouring principles are 
slightly deteriorated by these agents. For most vege- 
table colouring matters besides madder, bran only is 
admissible; and even in bran-water, the vrincing 
sometimes must not exceed a few minutes. With 
madder colours only, the wincing may be continued 
for from ten to twenty minutes. 

The complete removal of the supei'fluous colour 
from a piece of cloth wliich is to present a white 
pattern is generally effected, when madder is tlie 
only vegetable colouring matter present, by wincing 
the cloth for a feiv minutes in a solution of chloride 
of lime, not stronger than 3" Twaddell (1015). This 
operation usually follows that of branning or soaping, 
but sometimes the branning is altogether omitted 
when the solution of chloride of lime is employed. 

Few vegetable colouring matters, however, can he 
exposed to the action of chloride of lime without 
considerable deterioration ; hence, when other dye- 
stufts than madder are employed, the "clearing" of 
the dyed cloth is effected, sometimes by exposure to 
air and light, but the process of branning or soaping 
is generally found to be sufficient of itself. 

After having been thus cleared of the redundant 
colour, the cloth is washed, and then submitted to 
an ojwration for expelling almost the whole of the 
water it contains; which consists either in passing 
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it between two rollers revolving against each other 
under considerable pressure (squeezing rollers), or 
else in rotating the cloth so rapidly as to cause the 
water to be driven out by the centrifugal force tlius 
excited. One of the machines used for the latter 
purpose is represented in perpendicular section across 
the centre at fig. 35, and as viewed from above in 
fig. 36 : a and b are two copper cylinders connected 
together at bottom so as to form one vessel, which 
rotates with the axis c. These cylinders are en- 
closed in a wooden case d, which is in communication. 



Fig. 3fl, 




at hottom, with a drain or gutter. The cylinder b 
has a great number of small perforations, and is di- 
vided by partitions into four equal compartments. 
The wet cloth which is to be dried is placed in the 
compartments between the two cylinders, and the 
apparatus is rotated with a velocity of nine hundred 
or a thousand revolutions per minute; the water is 
thereby driven from the cloth through the perfora- 
tions in the cylinder b to the outer case, from whence 
it flows out by a gutter or drain. After a few 
minutes the cloth becomes nearly dry, and when the 




Fig. 37. 
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machine is opened, is found to be strongly coi 
against the perforated cylinder.* In another form of 
this machine, which works with much less noise than 
the preceding, the cylioders are arranged vertically, 
so as to form an apparatus somewhat resembling the 
dash-wheel (fig. 33, page 319). 

When the cloth has been thus far dried, either by 
the squeezers or the " water extracter" just described, 
it is folded evenly and then passed, in a length of ten 
pieces, through a mixture of blue starch and water. 
A cross section of the starch- 
in(i machine is represented 
in fig. 37 : a is a wooden 
trough to contain the muci- 
I laginous liquid ; A is a small 
' cylinder revolving in the li- 
quid ; around this is passed 
the web of calico c, which is 
then drawn over a fixed 
brass bar d, with diagonal 
notches on its front, for the 
purpose of removing creases 
from the cloth ; e is a Wooden 
cylinder covered with cloth, revolving in close con- 
tact with the brass cylinder /; the calico is passed 
between these cylinders to be freed from the super- 
fluous starch, and is then rolled ofiF upon the cylinder 
g, the axis of which is not fixed, but so contrived 
as to recede gradually from the wooden cylinder as 
the roll of calico increases in diameter. 




After being starched, the ten pieces of calico are 

* Thin machine is knnwn by tlip nnmc of " wBter extracter." 
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passed through the steam (Iri/ing machine, which 
consists of several hollow copper cylinders, each about 
twenty inches in diameter and three feet in length, 
fitted up with machinery by which all the cylinders 
or drums may he rotated together at the same 
velocity. Steam is admitted to the drums through 
stuffing boxes at one end of the axes, and at the 
other end are placed pipes to discharge the condensed 
water. The number of drums arranged together in 
one system varies from five to thirteen, according to 
the quantity of work required ; they are sometimes 
placed in one line, but usually in two lines, one im- 
mediately over the other (as fig. 38), with the cir- 

Fig. 38. 



eumference of one drum distant about four or six 
inches from that of the next in the line of the axes 
of the drums. The calico passes through the ma- 
chine in the direction of the arrows in the above 
figure. The drums are surmounted by a hood and 
flue for the purpose of conducting the steam out of 
the chamber. 

HjT The last finishing operation to which dyed and 
printed cottons are sometimes subjected, is calender- 
ing or glazing, the object of which is to make the 
surface of the cloth smooth, compact, and uniform. 
This is cfiecttid by i)assing the piece between two 
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cylinders revolving in such close contact that their 
pressure gives the cloth the appearance of having 
been ironed. One of the cylinders is made of iron, 
and is hollow for the purjiose of admitting steam or 
a hot iron rod, when the application of heat is neces- 
sary. The material of the other cylinder was fur- 
njerly wood, tut for some years past pasteboard has 
been very generally substituted. The cylinder of 
paper has several decided advantages over that of 
wood. It takes a finer polish, it has no tendency to 
crack or warp, and from having a certain degree of 
elasticity, it gives a more equal pressure on all parts 
of the cloth than could be applied by a wooden cylin- 
der. Tlie paper cylinder is constructed by placing 
circular discs of stout pasteboard on a square bar of 
wrought iron as an axis. The external discs are of 
cast iron, a little less in diameter than the remainder 
of the cylinder. The discs being screwed down tight, 
the cylinder is placed in a stove, and kept for seve- 
ral days at as high a temperature as the paper will 
bear without being charred or rendered very brittle. 
As the moisture is driven off, the pasteboard shrinks, 
and the screws must be tightened to keep the mass 
as compressed as possible. When no further dimi- 
nution in bulk is perceived, the cylinder is removed 
from the stove, and carefully turned on a latbc. 
The diameter of the paper cylinder is usually four- 
teen inches, and that of the opposed iron cylinder 
eiglit inches. Four or five cylinders are commonly 
arranged together one over the other on the same 
frame. 

The glazing of calicos was formerly executed by 
the hand with a hot ii'on, at an i;xpeuse of about one 
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shilling per piece of twenty-cigbt yarits ; the cmt 
of glazing by machinery as above, is from threepence 
to sixpence per piece. 



The purity of the water employed in dyeing oiw 
rations is a subject which deserves the especial at- 
tention of the practical dyer. The finest colours are 
in almost all cases obtained by making use of dis- 
tilled water, that being free from all earthy impuri- 
ties. Rain water and the water of an Artesian well 
are, in general, better adapted for dyeing than spring 
water and river water, as the latter contain in solution 
a quantity of lime, which sometimes falls down in 
combination with the colouring matter as an inso- 
luble precipitate, occasioning a considerable loss of 
dye-stuff. Spring and river water also generally 
contain a sensible quantity of iron, which always 
communicates a brown tinge to the goods washed in 
such waters. 

When the yellowish Dutch madder is boiled with 
pure distilled or rain water, the residuary ligneous 
matter has a light brown colour, and imparts only 
a faint red colom- to a boiling solution of alum. 
When, on the other hand, spring water is substituted, 
the residue is dark reddish-brown, and a solution of 
alum in which it is boiled becomes of a dark red 
colour. In the first case, the quantity of madder 
red remaining in the residue is much less tliau in 
the second. The madder red at first dissolved is 
precipitated by the lime of the spring water, im- 
liarting to the residue its dark colour, and is dis- 
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solved by the boiling solution of alum. Hence pure 
water dissolves more madder red than water holding 
lime in solution. Similar results are obtained with 
Fcrnambouc wood and logwood. (Dr. F. Eunge, 
Farben-chemic.^ 

In some print-works in Lancashire distinguished 
tor their fancy styles, it is a common practice to 
add a little dilute sulphuric acid to the watfir, if 
the latter contains carbonate of lime. The sulphuric 
acid converts the carbonate into sulphate of lime, 
which scarcely affects the brilliancy of the colours of 
the dyed or printed goods. It is of importance that 
there should be no excess of the acid. When cochi- 
neal colours are washed, distilled water is usually 
employed ; but where this cannot be readily obtained 
iu sufficient quantity, water treated with acid, as 
aUwe, is used. These remarks are applicable to 
wator containing calcareous matters only. 

l>r. Clark's process for purifying water from car- 
bonate of lime has not yet been introduced into the 
Lancashire print-works, but if efficiently conducted, it 
would no doubt be found highly advantageous. 

Water which infiltrates mai'shy ground often con- 
trtins in solution a quantity of decomposed vegetable 
mutter, ivbich is also very detrimental to certaia 
Colours. Not only is tlie shade of colour modified by 
the attftchiueut of the organic matter, but certain 
uietallio otiluuring materials, especially chrome-yellow 
lutd ohn.>mt>-orange, are decomposed and converted 
into H brownisli-black substance through the action 
wf the oi'jjrtnio matter. This proceeds from the ge- 
ucrtttioa yf soluble earthy or alkaline sulphurets 
tlii\>ugh iht- dec.om[)osition of the soluble sulphates 
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which spring water always contains; the blackening 
of the chrome-yellow and chrome-orange is due to 
the formation of sulphuret of lead by the action of 
the soluble sulphuret thus produced. 

A simple imd efficacious method of rendering hard 
water well adapted for dyeing operations is practised 
at the Diikinfield branch of the Mayfield print-works, 
Manchester, on all the water consumed there, which 
amounts to six or eight hundred thousand gallons 
daily. It merely consiste in mixing* the refuse of 
the madder dye-becks with the water ; the remaining 
colouring matters of the madder then precipitate the 
iron and lime in an insoluble form, and the water 
is obtained clear and fit for use by allowing the 
precipitate to settle in a large reservoir, and then 
filtering the water through a bed of gravel. 

At an extensive silk-dyeing establishment in Lon- 
don, the only, water employed is that raised from 
an Artesian well. 

In one dyeing process, however, namely, the pro- 
duction of a black colour by means of infusion of 
galls, valonia, or sumach, and copperas, the water 
which is preferred by some dyers is hard spring 
water. To produce in a liquid a given depth of 
colour, distilled water requires more dye-stufi" than 
common spring water. This is illustrated in the 
following experiment devised by Mr. Phillipps. Into 
two glass jars of the same size, each half filled with 
distilled water, introduce equal quantities of infusion 
or tincture of galls or sumach, and an equal number 
of drops (only three or four) of a solution of cop- 
peras. A faint purplish colour will be developed 
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in both jars ; hut if one is tilled witli spring watei, 
the colour in that rapidly becomes dark reddish- 
black, and one-half more water is required to reduce 
it to the same shade of colour as the other. The 
ivatcr which is found by experience to be best 
adapted for dyeing with galls and sulphate of iron 
differs from distilled water in containing sulphate 
of lime, carbonate of lime held in solution by free 
carbonic acid, and chloride of calcium. The bene- 
ticial ingredient seems to be the carbonate of lime, 
which possesses slight alkaline properties ; for, if the 
smallest quantity of ammonia, or of bicarbonate of 
potash, is added to the distilled water in the above 
experiments, the purple colour is struck as rapidly 
and as deeply as in the spring water ; chloride of 
calcium and sulphate of lime, on the contrary, pi-o- 
duce no sensible change either in the depth of colour 
or the tint. The effect is no doubt referable to the 
action of the alkali or lime on the protosulphate of 
iron, by which the sulphuric acid of the latter is 
withdrawn, and hydrated protoxide of iron set free; 
for protoxide of iron is much more easily peroxidized 
and acted on by tannic and gallic acids {the dyeing 
principles of galls) when in the free and hydrated 
state, than when in combination with sulphuric acid. 
Neither the caustic fixed alkalies (potash and soda) 
nor their carbonates can be well introduced in the 
above experiments, as the slightest excess reacts on 
the purple colour, converting it into a reddish-brown. 
Ammonia, lime-water, and the alkaline bicarbonates 
also i)roduce a reddening, and if applied in consider- 
able quantity, a brownish tinge. 

But the dyeing operations in which hard water 
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is preferable to soft are so few in number, that the 
generality of the above statement concerning the 
superiority of soft water is scarcely at all affected. 



^ § IV. CALICO-FRIKTING 

Although the different methods of procedure in 
the printing of cottons are almost as numerous as 
the different kinds of patterns wliich may be pro- 
duced, yet each colour in a pattern is always applied 

by one of six different styles of work, by the proper 
combination of two or more of which the cloth may 
be ornamented with any pattern, however compli- 
cated. These styles are quite distinct from one an- 
other ; each requires a peculiar process aud a different 
manipulation. 

fc The six styles alluded to are the following : 

1. Madder style, for soluble vegetable and am~ 
mal colowring materials. — In this kind of work, 
which derives its name from being chiefly practised 
with madder, the thickened mordant is first imprinted 
on the white clotli in patterns, and after the cloth has 
been aged and dunged, the colour is imparted by passing 
the cloth through the dye-beck. On those portions 
of the cloth on which the mordant is applied, the 
colouring matter attaches itself in a durable manner, 
but on the unmordanted portions the colour is feebly 
attached, so that it may be wholly removed by wash- 
ing either in soap and water, in a mixture of bran 
aud water, or in a dilute solution of chloride of lime. 

2. Topical style, joi' steam aud topical colours. 
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— Such colouring matters as are iucompletely, or not 
at all, precipitated from their solutions on being 
mixed with certain solutions of a mordant, are some- 
times printed on the cloth with the mordant, and the 
fixation of the colour is afterwards effected by ex- 
posing the cloth to steam. Some colouring matters 
applied topically in a state of solution become firmly 
attached to the cloth without a mordant and without 
the process of steaming, but merely by drying with 
exposure to the air. 

3. For mineral colours (padding style). — Ta 
produce a figure in a mineral colouring material the 
cloth may be first printed with one of the two saline 
solutions, and be afterwards uniformly impregnated 
with the otlier. To obtain a ground of a mineral 
colour, one or both of the solutions may be applied 
by the padding machine. 

4. Resist style. — In the processes referable to the 
resist style, the white cloth is first imprinted with 
a substance called the resist, or resist paste, which 
has the property of preventing those portions of the 
cloth on which it is applied from acquiring colour 
when afterwards exposed to a dyeing liijuid. Resists 
are divisible into two classes; one is employed to 
prevent the attachment of a mordant, and the other 
that of a colouring matter. 

5. Discharge style The object of the processes 

belonging to this stylo of wort is the production of 
a white or coloured figure on a coloured ground. 
This is efiected by applying topically to the cloth 
already dyed or mordanted, a substance called the 
discharger, which has the property of decomposing 
or dissolvijig out either the colouring matter or the 
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mordant. Chlorine and chromic acid are the com- 
mon discharging agents for decomposing a vegetable 
or animal colouring matter, and an acid solution for 
dissolving a mordant. 

6. For Cidna. Uiie This is a very peculiar 

style, and is practised with one colouring matter only, 
namely, indigo. This pigment is printed on the 
cloth in its insoluble state, and is dissolved and trans- 
ferred to the interior of the fibre by the successive 
application of lime and copperas, with exposure to the 



The topical application of the colouring matter, 
mordant, discharge, or resist, may be made by five 
different methods : 

1. The simplest is by means of a wooden block, 
of from nine to twelve inches in length, and from 
four to seven inches in breadth, bearing the design 
in relief as an ordinary woodcut; or, when the design 
is complicated, and a very distinct impression is re- 
quired, the figure is sometimes formed by the inser- 
tion of narrow slips of flattened copper wire, the 
interstices being filled with felt. The block is worked 
by the hand, and is made of sycamore, holly, or pear- 
tree wood, on a substratum of some commoner kind 
of wood. It is charged with colour or mordant by 
pressing it gently on a piece of superfine woollen 
cloth, called the sieve, which is kept uniformly covered 
with the thickened colouring matter or mordant by an 
attendant boy or girl, called the " tearer," (corrupted 
from the French word tireur,) who takes the colour 
up by a brush from a small pot and applies it 
evenly to the woollen cloth. This cloth is stretched 
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tight over a wooden drnm, which flouts in a tub 
full of old paste or thick mucilage to give it suf- 
ficient elasticity to allow every part of the raised 
device on the block to acquire a coating of colour. 
The calico being laid flat on a table covered with 
a blanket, the charged block is applied to its sur- 
face (the printer being guided where to apply the 
block by small pins at the corners) and struck gently 
to transfer the impression. The application of the 
block to the woollen cloth and the calico alternately 
is continued until the whole piece of calico is printed. 
By the ordinary method, a single block prints only a 
single colour; hence, if ' the design contain five or 
more colours, and all be printed by block, five or 
more blocks will be required, all equal in size with 
the raised parts in each corresponding with the 
depressed parts in all the others. 

If the design, however, requires different colours 
to be applied in figures in straight and parallel 
stripes, all the stripes may be applied by one block 
at a single impression, and the block is also charged 
with the different colours by a single application to 
the surface of woollen cloth. The colours to be ap- 
plied are contained in as many small tin troughs as 
there are colours, arranged in a line. A little of 
each colour is transferred from the troughs to the 
woollen cloth by a kind of wire brush consisting of 
wires fixed in a narrow piece of wood. The colour 
is distributed evenly in stripes over the surface of 
the sieve, by a wooden roller or rubber covered with 
fine woollen cloth. For the rainbow style, the colours 
are blended into one another ut their edges by a brush 
or rubber di'awn to and fro in a straight line. 



line. -£^L 
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An important improvement in tbe construction 
of the hand-block has been recently adopted in most 
well conducted print-works, which consists in the 
application of a stereotype plate as the printing sur- 
face. To make the stereotype plate, a model is first 
formed from the pattern, about five or six inches in 
length, and from an inch and a half to five inches in 
width, according to the design. A mould is produced 
by stamping from the model ; and from the mould, 
fixed in a block, stereotype copies are produced in a 
mixed metal, composed of eight parts of bismuth, 
five parts of lead, and three parts of tin. When a 
sufiicient number of the pieces is prepared, their sur- 
faces are filed down, and they are then fixed to a stout 
piece of wood. 

2. The hand-block has been superseded to a great 
extent on most parts of the Continent by a ma- 
chine called tbe Perrotine, in honour of M. Perrot, 
of Ruuen, its inventor. This machine executes block- 
printing by mechanical power, and is intermediate 
in its mode of working between block-printing and 
cylinder-printing, to be noticed immediately. The 
perrotine is composed of three or four wooden blocks, 
from two to five inches broad, and as long as the 
breadth of the cloth to be printed. The blocks are 
faced with pear-tree wood and engraved in relief. 
They are mounted in a cast-iron frame with their 
planes at right angles to each other, and by a simple 
contrivance are charged with a cout of coloured 
paste and then pressed successively against the cloth 
Alto be printed. The cloth is drawn by a winding 
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cylinder between the engraved blocks and a square 
prism of iron, mounted so as to revolve on an axis 
against the blocks. Two or three only of these ma- 
chines are in operation in this country. 

3. About the commencement of the present cen- 
tary the hand-block and flat copper-plate, till then 
the only means of impression possessed by the printer, 
began to be superseded, for most styles of work, by 
cylinders of engraved copper. A general idea of 
the nature of this mode of printing may be conceived 
with the assistance of the annexed figure ; a repre- 




sents the engraved cylinder or roller, mounted on l 
stivng frame-work, so as to revolve against two other 
cylinders b and c. The cylinder c, whicli is covered 
with a woollen cloth, dips into the trough rf, 
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taiaing the solution of the colouring matter or mor- 
dant properly thickened, and thus acquiring itself a 
coating of the colour imparts some of it in the act of 
rotation to the engraved roller a ; i is a large iron 
drum or cylinder, the surface of which is rendered 
elastic by several folds of woollen cloth; around this 
drum travels an endless web of blanket-stuff, e, in 
the direction of the arrows, accompanied by the calico 
passing between it and the engraved cylinder. The 
pressure of the cylinders against each other is regu- 
lated by screws or levers, which can be tightened or 
slackened at pleasure. 

The excess of colouring matter or mordant which 
is communicated to the engraved roller by the cy- 
linder c must obviously be removed before it comes 
into contact with the calico ; this is accomplished by 
scraping the surface of the roller as it revolves, by 
a sharp-edged plate, usually of steel, called the colour 
doctm- (g). Another similar plate is placed on the 
opposite side, called the lini doctor, the office of 
which is to remove the fibres which the roller ac- 
quires from the calico. With some colour mixtures 
and mordants, those containing salts of copper for 
instance, doctors composed of gun metal, bronze, 
brass, and similar alloys, are substituted for those of 
steel, as the latter would become corroded through 
the chemical action of the mordant or colour mis- 



Such is the method of printing calicos by the 
roller for a single colour; but the mordants or mix- 
tures for two, three, or even eight colours may be 
applied at the same time by having as many en- 
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graved rollers with their appendages revolving simnl- 
taneously against the iron drum, as represented in 
fig. 39, by the dotted cylinders and troughs h, 
hy I, i. Extreme nicety of arrangement is required 
to bring all the rollers to print the cloth at the pro- 
per places, but when once properly adjusted each may 
be made to deposit its colour or mordant on the calico 
with the greatest certainty and regularity. 

The diameter of the printing roller varies from 
four or six inches to a foot or even more; its length 
varies irom thirty to forty inches, according to tlie 
breadth of the calico to be printed. It was formerly 
made of plates of copper hammered into a circular 
form and joined by brazing; but as the engraving 
easily gives way on the brazed joint, the roller is 
now bored and turned from a solid piece of metal. 
The engraving is not commonly etched by the ordi- 
nary graver, as was formerly done at a great expense, 
but by the pressure of a steel roller, called the die, 
from three to four inches in length (according to the 
pattern), containing the figures in relief which it 
imparts in intaglio to the softer copper. The steel 
die is made in a similar manner by powerful pressure 
against another steel roller called the mill, of similar 
size, which is engraved by the common graver while 
in the soft state, and afterwards hardened by being 
heated and then plunged into cold water. The steel 
die to receive the figure in relief is also in the soft 
state when pressed against the hardened engraved 
mill, and is itself hardened before being applied to 
the copper roller. The cost of engraving a roller in 
this manner is very little more than one-eighth that 
of engraving by the hand. 
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For some pecnliar styles of pattern, the copper 
roller is etched instead of beiag engraved by indenta- 
tion. The roller being heated by the transmission 
of steam through its axis, is covered with a thin 
coat of resist varnish, and when it is cold, the pat- 
tern is traced with a diamond point by a very com- 
plicated and ingenious system of machinery, the 
roller being slowly revolved at the same time in a 
horizontal line beneath the tracer. After having 
been etched on its whole surface, the roller is sus- 
pended for about five minutes in a trough containing 
dilute nitric acid, which dissolves the copper in the 
lines exposed by the removal of the varnish, but the 
parts still covered remain unacted on. The imports 
ance and value of this method arises from its afford- 
ing an endless variety of curious configurations, which 
can hardly be copied or even imitated by the hand 
engraver. 

The following ingenious method of imparting a 
printing surface to a copper roller has been exten- 
sively practised of late in one of the best conducted 
print-works in Lancashire. It is only applicable to 
rollers to be used for printing a full ground, sprigs or 
other designs being left blank, for grounding in otlier 
colours if required by the block, at a subsequent 
operation. 

The copper roller is, in the first place, painted with 
a resist varnish on its whole surface, with the excep- 
tion of the figures to be left blank ; and to render 
the blank parts perfectly clean, the roller is dipped, 
first, into weak nitric acid, and immediately after- 
wards, into clean water. From the water, the I'oller 
is transferred to a solution of sulphate of copper and 
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placeil in connection with a galvanic battery, where- 
by it acquires a coating of copper on the designs 
where the varnieh had not been applied. These raised 
designs are afterwards polished smooth, so that when 
the roller is in use, they become perfectly cleared by 
the " doctor," and the ground only is imprinted on 
the clotli. It will be observed that this method of 
(ihtaining a printing surface is essentially different, in 
principle, from the etching process just described ; in 
one nietliod, the surface of the roller is covered with 
varnish on the parts to be raised, and in the other, on 
the parts to be depressed. 

4. A very ingenious method of printing has been 
lately introduced, distinguished as "press printing," 
by which block printing with several different colours 
may be executed at one impression. A sketch of the 
principal parts of the press-printing machine is shewn 
in fig. 40. The block itself a consists of a well pre- 
pared tablet of wood, about two feet six inches square, 
supported in an iron frame in such a manner that it 
can be raised or lowered vertically at pleasure. The 
face of tlie block is divided into as many stripes 
(crosaways with the table) as there are colours to 
be printed, which we may suppose, for illustration, 
to be five. The stripes are about six inches in 
breadth and as long as the breadth of the cloth to be 
printed; each one prints a different colour, and the 
whole five form together the combined pattern. The 
printing surfaces are stereotype casts, made of the 
mixed metal, bismuth, tin, and lead (see page 335). 

The mode of applying the colours to the printing 
surface is very ingenious. At the bottom of the 
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wooden frame 6, near to one end of the table, is a 
felt cushion about the same size as the entire block, 
and immediately within one side of the frame are 



Fig. 40. 




arranged in a line five little troughs (or as many as 
there are colours to be printed), containing the 
thickened colours. By means of a long piece of 
wood, so formed as to dip into all the troughs at 
once, the attendant "tearer" applies a little of each 
of the five colours to the sui-face of felt, over which 
the colours are evenly spread by a brush in five 
stripes without any intermixture. The breadth of 
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the stripes is the same as the breadth of tiie stereo- 
type rows on the block. 

The cushion being thus charged, the frame is iUd 
forward on the table on a kind of milway, until it 
lies immediately underneath the block, which is then 
lowered by the " pressman " upon the felt cushion, 
whereby each of the five stripes on the block becomes 
charged with its proper colour. This being done, 
the block is raised, the colour-frame withdrawn, and 
the block caused to descend on the cloth, which it 
imprints in five rows with difierent colours. When 
the block is raised, the cloth is drawn lengthways 
over the table about six inches, or exactly the width 
of one stripe on the block : the " tearer " again slides 
over the cushion with more colour, and the block 
is again charged and applied to the cloth. As a 
length of the cloth equal to the width of a stripe is 
drawn from underneath the block at each impression, 
every part of the cloth is brought into contact suc- 
cessively with all the stripes on the block. The 
part printed by the fifth stripe at the first impression 
becomes printed by the fourth stripe at the second 
impression, by the third stripe at the third impres- 
sion, by the second stripe at the fourth impression, 
and by the first stxipe at the fifth impression. When 
this machine is well managed, its action is very neat; 
but extreme nicety Is required in properly adjusting 
all the moving parts of the press in order to prevent 
confusion of the colours and distortion of the pattern. 

5. The only mode of printing which remains to be 
noticed is "surface printing," which is merely a mo- 
dification of roller printing, the cylinder being made 
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of wood instead of copper. The pattern is either 
cnt in relief, as in the ordinary block, or it is 
formed by the insertion, edgeways, of fljittened pieces 
of copper wire. This cylinder is mounted in a frame 
as the copper roller, and is supplied with colour by 
revolving against the surface of an endless web of 
woollen cloth, which passes into a trough containing 
the colour or mordant. Surface printiDg is scarcely 
at all practised in this country, but in certain styles 
of work it presents some advantages over copper 
roller printing, particularly where substances which 
corrode copper, but not wood, are to be applied. It 
is practised more extensively in Ireland than in 
Lancashire. 

Thickeners. — .The thickening of the solution of 
the mordant or the colouring matter in order to 
prevent the liquid from extending beyond the pro- 
per limits of the design, is a subject which requires 
considerable attention in the successful practice of 
calico-printing. The degree of consistency and the 
nature of the thickening material require to be varied 
according to the minuteness of the design and the 
nature of the substance to be applied, for particular 
colouring mattere and particular mordants often re- 
quire particular thickeners. Two similar solutions 
of the same mordant, equally thickened, but with 
different materials, afford diflferent shades of colour 
when dyed in the same infusion;* and the time re- 
quired for the fixation of the mordant during the 

• Solutions of Baits of irou or cojiper thickened witli staicli give o 
deqier colour to tlu' cloth, wlien atlcrwards dycil, ihon the same solu- 
l&bos if thickened witii gum urabic. 
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Bgdng is considerably affected by the nature and 
consistence of the thickening material with which 
the mordant had been applied. 

The fuUowing is a list of the thickening materitJs 
commonly employed : 

1. Wheat starch. 

2. Flour. 

3. Gum arabic. 

4. British gum. 

5. Calcined potatoe starch. 

6. Gum Senegal. 

7. Gum tragacanth. 

8. Salep. 

9. Pipe-clay, mixed witli either gum arabic or 
gum Senegal. 

10. China clay, mixed with gum arable or Senegal. 

11. Dextrin. 

12. Fotatoe starch. -jd 

13. Rice starch. ^ 

14. Sago, common and torrefied. ^ 

15. Sulphate of lead, mixed with gum arabic or 
Senegal. 

The most useful thickeners are wheat starch and 
flour. When either of these or any kind of starch 
(not roasted) is employed, the mixture with the 
mordant or colouring matter requires to be boiled 
over a brisk fij-e for a few minutes in order to form 
a mucilage ; the consistency of the mixture, when cold, 
diminishes if the ebullition is continued for a longer 
time. Neither flour nor any kind of unroasted starch 
is well adapted for thickening solutions containing 
a free acid or an acidulous salt; if other circum- 
stances, however, should render the introduction of 
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anotlier thickener inadmissible in sncb a case, the 
acid or acid salt is always mixed with the thicken- 
ing after the latter has been boiled and cooled to 
120" or 130" Fahr. If the acid is boiled with the 
mucilage, the mixture completely loses its consis- 
tency. 

Starch is almost the only thickener employed for 
mordants containing no free acid, and the mordant 
seeras to combine with the stuff more readily when 
thickened with starch than when thickened with gum. 

During the ebullition of starch with red liquor, 
a precipitate of subsulphate of alumina is produced 
(see page 283); but this precipitate is completely 
redissolved as the mixture cools, its solution being 
apparently facilitated by the starch. 

Next to wheat starch and flour, the most generally 
useful thickener is gum arable. With this substance, 
however, many metallic solutions, such as those of 
salts of tin, iron, and lead, cannot be well employed, 
as such solutions cause the formation of precipi- 
tates with an aqueous solution of gum. This objec- 
tion to the use of gum does not apply to so great 
an extent to salts of copper. 

The lime which is contained in all gum arable met 
with in commerce is apt to affect the light shades 
of some colouring matters ; but this inconvenience 
may be overcome by adding to the gum a small 
quantity of oxalic acid, which converts the lime into 
the insoluble oxalate. 

Gum Senegal is used for the same purpose as gnm 
arabic. 

British gum, torrefied or calcined farina, dextrin, 
and torrefied sago starch (known as " new gum sub- 
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stitute"), are intermediate, both in their properties 
and applications, between common starcli and gum 
arubic. Calcined potatoe Etarcli is chiefly used with 
solutions applied by the padding machine, which 
require very little thickening. 

Gum tragacanth and salep are commonly employed 
as thicktBners for solutions of salts of tin and for 
mixtures containing a considerable quantity of a free 
acid. Salep does not stiffen and harden the stuffs 
so much as most other thickenei-s, and is hence found 
advantageous for mixing with topical colours. It 
gives considerahle consistence to water, but the mix- 
ture is apt to become thin on standing. It is 
remarkable that a mixture of solutions of gum tra- 
gacanth and gum Senegal, both of the same strength, 
possesses only one-half or one-third the consistency 
of the two solutions before being mixed. 

Pipe-clay, China clay, or sulphate of lead, when 
mixed with either gum arable or gum Senegal, is also 
used with acid mixtures, and with solutions of salts 
of copper when applied as resists for the indigo vat. 
The earthy basis acts as a mechanical impediment 
to the attachment of a colouring matter, when the 
latter is applied to the whole surface of the cloth. 

When the mordant to be printed is colourless, or 
nearly so, as alum, red liquor, and salts of tin, it 
is mixed with a little decoction of logwood, Brazil 

Lwood, or some other fugitive dye, in order to render 
the design on the cloth more perceptible. This addi- 
tion of colour is called sightening. 
part 



We proceed, in the next place, to consider some 
particular examples of printing processes in Ulustrft) 
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tion of the six different styles of work noticed at 
page 331. 

I. MADDER STILE. 

^^-'^he madder style is applicable, not only to tlie 
■- -^ye-staff from which it derives its name, but to 
nearly all organic colouring materials which are so- 
luble in water, and capable of forming insoluble com- 
pounds with mordants, and is much more extensively 
practised than any other style. 

The ordinary course of operations to which a piece 
of cotton is subjected in order to be printed and 
dyed according to this style is the following : 

1. Printing on the thickened mordant, which is 
commonly done by the cylinder machine. 

2. Immediately after the imprinting of the mor- 
dant, the cloth is dried by being drawn either tlxrough 
the hot-flue,* or over a series of thin sheet-iron boxes, 
heated by means of steam, and is then conducted 
into the "ageing" room, where it is suspended, free 
from folds, for one or t\vo days, according to the 
nature of the mordant and the temperature. The 
ageing room should not be very dry, or heated above 
the ordinary temperature, except during winter. 

During this suspension, the greater part of the 
mordant undergoes a chemical alteration, by which 
it becomes attached to the cloth in an insoluble state. 

* Tiip hot flue is n long gnlltry or passngc, coninionly heated liy llio 
fine of n furnace at one end, which runs through the whole length of the 
gallery on its floor. It is advantageous to have the upper eutfoce of the 
Que formed of rough cast-iron plates, which became quickly heated and 
present e. good radiating Hurface, A piece of calico (28 yards) is usually 
^dlBwn through tlie Hue in about two minutes. 
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Red liquor and acetate of iron part with a portion 
of their acetic acid; the former affords a deposit of 
subsulphate of alumina, the latter of subacetate of 
iron, as before explained ; and the aluminate of 
potash affords a precipitate of alumina, through the 
action of the carbonic acid in the atmosphere (see 
page 285). Annexed is a specimen of calico in this. 



•9r 



stage of the process, the mordant on which is red 
liquor, "sightened" with a little decoction of peach- 
wood or similar dye-stuff. 

3. After having been suspended in the ageing 
room for a sufficient time, the printed cloth is drawn 
through the dung-becks, or else through a strong 
solution of dung substitute (page 307), whereby a 
part of the undecomposed mordant is separated from 
the cloth and prevented from acting on those parts 
which had not been printed, the thickening paste 
is removed, and the mordant remaining on the cloth 
becomes more strongly attached, by uniting with 
some of the constituents of the dung or of the 
substitute. 
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"When taken out of the dung-becks, the cloth is 
immediately washed in a cistern of cold water, or 
sometimes both squeezed and washed, and then com- 
monly winced for twenty or twenty-five minutes in a 
weak solution of substitute and size, by which the fix- 
ation of the mordant on the cloth is rendered complete. 
If the mordant is white, the cloth presents little 
trace of the design when taken from the substitute; 
the specimen No. 2. shews the appearance which 
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No. 1. acquires by being thus treated. (For an 
account of the manner of performing this operation, 
and of the probable action of the dung, see page 306.) 
4. After having been well washed, the cloth is 
ready to be exposed to the dyeing liquor, in which 
it 13 kept for two or three hours, being constantly 
turned by a wince from one compartment of the dye- 
beck to the other. With madder and some other 
colours the goods are introduced into the cold mixture 
of water and ground dye-stuff, and heat is then 
gradually applied by the introduction of steam, until 
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the temperature of the liquid is very near ebullition i 
(see page 313). When taken out of the dye-beck 
and simply washed in cold water, the cloth has the 
appearance of the specimen No. 3. 

No. 3. 
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5. Boil a second time in soap-water. 

When the goods are dyed with Dutch madder and 
sumach,* soap cannot he well employed in the clear- 
ing process, but only bran and chloride of lime or 
chloride of soda, the latter being preferred. If dyed 
with the form of madder called garancine (see 
page 252), neither chloride of lime nor chloride of 
soda is admissible. Other precautions necessary to 
be attended to in the process of clearing and the 
finishing operations to which the calico is afterwards 
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subjected have been noticed in the preceding section. 
The specimen, No. 4, is the finished cloth. 



The strength of the mordant, solution of dung 
substitute, dye-beck, &c., and the details of the pro- 
cess generally, vary considerably for the same colour- 

* The tinls of cloth dyed in tlie madder-beck are conEideralily heiglit- 
encd by tlie addition of a small quantity of arauaeh. One pound of 
sumach witb eighteen or twenty pounds of Dutch madder will dye as 
much stuff as twenty-four pounds of tnndder without sumach. The ad- 
dition of astringent subEtanees to logwood, pcaeliwood, anil cocbincnl, 
produces a similar result 
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ing matter and mordant, according to the quantitj 
or iiilDess of tlie figure, and the depth of its colour. 
To impart such a stripe as that in the precediug 
specimen, the bleached cloth may be submitted to the 
following operations : 

1. Printing on mordant of red liquor (of spec. 
grav. 1'042, thickened with a pound and a half of 
flour to the gallon), and drying by being drawn over 
steam boxes ; 

2. Ageing for three days ; 

3. Dunging, 1°, in a mixture of four gallons of 
dung and three hundred of hot water; and 2", in 
a mixture of two gallons of dung and three hundred 
of hot water; 

4. Wincing in cold water; 

5. Washing at the dash-wheel; 

6. Wincing for tweuty minutes in a solution of 
dung substitute and size, made of two quarts of 
substitute liquor (page 309), one quart of cleansing 
liquor (page 308), and three hundred gallons of 
water. 

7. Wincing in cold water; 

8. Dyeing in the madder-beck, containing about 
two pounds of madder per piece of twenty-eight 
yards ; ^_ 

9. Wincing in cold water ; '^M 

10. Washing at the dash- wheel ; ^H 

11. Wincing in soap-water, to which some perchlo- 
ride or nitromuriate of tin has been added; 

12. Washing at dash-wheel; 

13. Wincing a second time in soap-water; 

14. Wincing in a solution of bleaching powder 
of spec. grav. 1016 (3" Twad.) 
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15. Washing at the dash-wheel ; 
b 16. Drying by the "water extracler" (page 323); 

► 17. Folding; 

► 18. Starching (page 324); 
19. Passing through the steam drying machine 

; 325). 



I :As the quantity of colouring matter whieh is do- 
posited on the cloth in the dye-beck is much more 
dependent on the quantity of fixed mordant on the 
doth, than on the strength of the dyeing liquid, a 
pattern comprising two or more different shades of 
the same kind of colour may be obtained by the 
same dye-beck, the cloth having been previously 
printed with the same kind of mordant at ditferent 
strengths. 

The pattern annexed (No. -"») is produced by tin: 




iron liquor mordant (pyrolignite of iron) at two 

difl'erent stt'engths, with the same infusion of niaddfr. 

»:The mordant for the lilac is inm lii|Uor of spec. 
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gray, about 1*010, thickened with three pounds and 
ahalf of British gum to the gallon. The mordant for 
the dark purple or black is iron liquor of spec. gray, 
about 1*020, thickened with a pound and a half of 
flour to the gallon. The two mordants may be 
printed on at once by the two-colour machine. The 
finest madder purples are obtained by a mixture of 
iron liquor with from five to six measures of ^^ pa- 
tent purple liquor/' or ^^ assistant mordant^" (see 
page 294,) thickened with British gum. 

To produce different shades of red on the same 
piece from the same madder-beck, the doth may be 
printed with red liquor of any density between 3** 
and 25'' Twaddell. The thickener usually employed 
for red liquor is either flour, starch, or a mixture 
of equal parts of flour and starch. The proportion 
of the thickening ingredient is varied according to the 



No. 6. 




density of the mordant and the fullness or delicacy of 
the design ; on the average, a pound and a half may 



CALICO-PRINTING PROCESSES. 355 

be taken for a gallon of liquid. For a weak liquor 
and for a delicate figm-e, either British gum or gum 
arable is substituted for starch or fiour. 

The mordants printed on the cloth for the spe- 
cimen No. 6 were red liquor of spec. grav. 1'105 for 
the dark red spots, and the same liquid of spec. grav. 
1-021 for the light red figure. Both solutions were 
thickened with four pounds of British gum to the 
gallon. 

British gum is the best thickener for a solution 
of aluminate of potash. 

As different mordants form compounds of very 
different colours with the same dye-stuff, a variety 
of colours may be communicated to the calico from 
the same infusion of colouring matter, provided as 

iny kinds of mordants, or mixtures of mordants. 




had been previously applied. The annexed pattern 
(No. 7), containing a design in black, purple, and 
l^wo shailes of red, was obtained by dyeing the cloth 
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at one operation after it had been printed by the 
four-colour machine with the following mordants: 
iron liquor of spec. grav. 1"020 for the black; 
iron liquor of spec. grav. 1*012 for the purple; red 
liquor of spec. grav. 1-042 for the dark red; and 
red liquor of spec. grav. 1*010 for the pale red. 
The iron liquor for the black was thickened with a 
pound and a half of flour to the gallon. The weaker 
iron liquor for the purple and the two red liquors 
were thickened with three pounds of British gum 
to the gallon. After being printed, the cloth was 
" aged" three days, dunged, dyed with madder, 
soaped, and cleared in the ordinary manner. 

To obtain on the same cloth the finest madder 
reds, purple, and black, it is sometimes better first 
to print on only the aluminous mordants for the reds, 
by the two or three colour machine, and then to 
age, dung, and madder. The strong iron liquor for 
black, and the weaker iron liquor for purple, may 
1h» next grounded in their proper places by hand- 
blocks, after which the drying, dunging, and mad- 
dcring are repeated. Sometimes the mordants are 
printed on at different operations, but the dyeing is 
performed in one beck. For example, the mordant 
for black is printed on first by the single-colour ma- 
chine, after which the cloth is aged for a day or 
two; the mordants for the other colours are then 
grounded in by the hand-blocks, and the ageing, 
dunging, dyeing, &c. are performed in the usual 
manner. An endless variety of tints, from red to 
chocolate, may be obtained from the same madder- 
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^Beck by mixtures of the iron and aluminous mordaut 
^Bi different proportions. 

^f Quercitron is a dyeing material well adapted for 
tlie madder style of work. With a mordant of red 
liquor of spec. grav. 8° or 12° TwaddeU, thickened 
with starch, it affords a bright yellow ; with iron 
lic[uor of spec. grav. 2° or 3° Twad., thickened with 
starch, an olive-grey colour; and with a mixture of 
the iron and aluminous mordants, a great variety of 
yellowish -olive tints. To produce a yellow ground 
with quercitron, the cloth may he padded in red 
liquor of 10° Twad., and after being dried, aged 
for two days, and winced in warm chalky water, 
be dyed in an infusion of quercitron (made of from 
two to three pounds per piece), containing some 
glue or size. To get a yellowish-olive figure from 
the same infusion, the cloth may be printed with a 
mixture of red liquor at 11°, and iron liquor at 
5° Twad., in equal measures, and then diied, aged, 
dunged, winced in chalky water and dyed. 

A very good orange is sometimes communicated 
to cotton goods in this style of work by dyeing in 
a mixed infusion of madder and quercitron, an alu- 
minous mordant having been previously applied to 
the cloth. Tor a ground, the cloth may be padded 
in red liquor of 10° or 12° Twad., then winced in 
warm chalky water, and dyed in a decoction of 
two pounds of quercitron and a pound and a half of 
madder per piece. By varying the proportions of 
the madder and quercitron various shades of orange 
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(from golden-yellow to scarlet) may be produced. 
An endless variety of cinnamon, olive, and fawn 
coloured tints may be obtained by applying to the 
cloth mixtures, in various proportions, of red liquor 
and iron liquor, and by dyeing the doth in a mixed 
infusion of madder and quercitron. It is advisable 
not to have the temperature of the dyeing liquid 
above 140" or 150° Fahr. 

Patterns in black and various shades of violet 
and purple may be imparted to cotton doth in the 
madder style, by means of a decoction of logwood 
as the dye-stuff, with iron Uquor aud red Uquor as 
the mordants. To produce a black ground, the doth 
may be padded in a mixture of equal measures of 
red liquor at 8"* Twad., and iron liquor at 6"^ 
Twad. ; and after having been dried, aged, and winced 
in chalky water, it may be dyM in a decoction of 
logwood made from two pounds and a half or three 
pounds per piece, with the addition of a small 
quantity of sumach. A grey colour is obtained in 
the same way by using very weak iron liquor and a 
weak decoction of the colouring matter; and a vio- 
let colour, by applying weak red liquor to the cloth. 

Cochineal is another dye-stuff, the colouring mat- 
ter of which is capable of being imparted to cloth 
by the madder style. It is chiefly applied in this 
way as a ground on which figures are afterwards 
produced by other styles. To obtain an amaranth- 
coloured ground, the cloth is padded in red liquor 
of spec. grav. from 11° to 13° Twad., and after being 
dried, aged, and winced in chalky water, it is dyed 
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[a mixed decoction of cocHneal, gaUs, and bran, 
beautiful orange is obtained by a mixture of de- 
tion of cochineal and decoction of quercitron, with 
aluminous mordant; and fine lilacs and Tiolets 
by decoctions of logwood and of cocMneal, with the 
same mordant. 

^The madder style admits of the application to cloth 
the colouring matters of several dye-stuffs besides 
ose which have been alluded to. By combining two 
or more in the same dyeing liquid, and by varying 
the mordants, an endless variety of tints may be ob- 
tained ; but a detailed account of such processes could 
Iot be included in the limited plan of the present 
rticl 
Th 
1 th 
het 



. TOPICAL AND STEAM COLODKS. 



' The mere mechanical part of the process is simpler 
1 this than in any other style of calico-printing. 
The thickened solution of the colouring matter is ap- 
plied topically (mixed with the mordant when any is 
required), in a state fit to penetrate to the interior 
of the fibre, and after the cloth is dried, the cojpur- 
ing matter is fixed, either by exposure to the air or a 
precipitating agent, or by the action of steam. The 
operations of dunging, dyeing, and clearing are here 
altogether omitted. 

The vegetable colours which may be applied to 
cotton by this style of work are chiefly those qhicli 
ai'e not at all, or incompletely, precipitated from 
their solutions when mixed with a mordant ; the 
deposition of the insoluble compound of mordant and 
Kilouring matter is usually determined in such cases 
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by the surface attraction of the tissue, frequently 
assisted by the application of heat. Not many co- 
lours applied in this way are remarkable for their 
permanency. A few topical colours are printed oO 
the cloth in an insoluble state, as pigments, an^ 
remain attached principally through the starch o 
gum used as thickening. 

The topical coloui's most extensively used in print 
ing cottons are the following : 

Black. — A very good topical black, known 
" chemic black," may be imparted to cotton by mean 
of a mixture of decoction of logwood, copperas, and — 
pernitrate of iron, in the proportions of either of th 
recipes following : 

No. 1. 

1 gallon of logwood liquor (decoction of logwood) of spec. 

grav. from 6° Tw. to 8° Tw., 
4 ounces of copperas, 
\io -^ gal. (according to the strength of the logwood liquor) 

of solution of pernitrate of iron of spec. grav. 50° Tw. 
Thicken with either flour or starch. 

No. 2. 

1 gal. of logwood liquor at 8° Tw., 

2 ounces of copperas, 

1 pint of solution of pernitrate of iron of 8° Tw., 
l^lbs. of starch. 

The logwood liquor, copperas, and starch are boiled 
together for a few minutes, and when the mixture is 
cooled to about blood-heat the nitrate of iron is 
added. 

This mixture may be printed on the white calico 
by the roller at the same time as the mordants for 
colours to be afterwards applied by the madder style. 



I' 



■jii 



j^' 
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After ageing for two days the black colour becomes 
so permaDently attached to the cloth that it is very 
little affected by the remaining operations of dunging, 
^Mashi^g, dyeing, and clearing. 

^V Sromn. — A very fast topical brown, forming the 
ground in the annexed specimen (No. 8), may be 




temmunicated to cotton goods by a solution of ca- 

BChu, mixed with a salt of copper and muriate of 

iDmonia. The following proportions have been re- 

mended to me by an eminent Lancashire printer : 



1 j pounds of catechu, 
J to 1 gill of solution of ni 



I galion of water. 
Thicken wttli cither gum m 



e of copper of 911° Tw., 



fiegal or BritiEh gum. 



" Some printers are in the habit of using a mixture 
containing much less muriate of ammonia and more 
nitrate of copper than the above, such as the fol- 
wing: 
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1| poonds of cateclm, 

3 omieei of muriate of ammoiiimy 

2 quarts of water, 

1 quart of pjroligiieoiia acid of V Tw^ 

3 poonds of gam lencga], and about 

\ pint of Bolmion of nitrate of copper of 100^ Tw. 

The catechu and muriate of ammonia are first 
mixed with the water and pyroligneons add; tiie 
mixture is then heated and kept at the boiling point 
for ten minutes, after which it is allowed to settle 
for half an hour. The dear supernatant liquid is 
then decanted from the insoluble matters and mixed 
with the gum sen^al, and when the latter is dis- 
solved the solution of nitrate of copper is added. 

The first of the preceding preparations probably 
deserves a preference. Both of them, like the above 
topical black, may be printed on the clotJi by the 
compound machine, with mordants for colours to be 
applied by the madder style. During the ageing of 
the goods, the astringent principle of the catechu 
becomes fixed on the cloth in an insoluble state, but 
it is usual to complete the fixation of the colouring 
matter by passing the cloth through a solution of 
bichromate of potash previous to being dyed in the 
madder-beck. The specimen No. 8 is an example 
of a design in madder colours on the catechu ground ; 
the manner of producing such a pattern will be again 
adverted to, as a part of the process is referable to 
the resist style of work. 

The chemical change which takes place during the 
fixation of the astringent principle of the catechu Is 
the absorption of oxygen. Catechu, or its colouring 
principle, exists in two forms ; deoxidized and soluble 
in water, and oxidized and insoluble in pure wat^, 
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but soluble in an aqueous solution of the deoxidized 
catechu. The form in which catechu is applied to 
cloth in the above mixtures is as a solution of the 
oxidized in thiit of the deoxidized catechu ; and the 
chloride of copper, formed by the reaction of muriate 
of ammonia on nitrate of copper, acts as a slow 
, oxidizing agent (through the decomposition of water) 
a the deoxidized catechu. 

Spirit purple. — For a spirit or fancy* purple, 
1 as that in the following specimen (No. 9), a de- 




ii3oction of logwood, raised with a tin or an aluminous 
mordant, is commonly employed. A gallon of logwood 
liquor of 6° Tw. may be boiled for a few minutes 
with a pound of starch, and when the mixture is 
lukewarm, there are added, first, a pint and quarter 
tJS solution of perchloride (nitromuriate) of tin at 
A30° Tw., and afterwards, a quarter of a pint of oil. 

)t fixed by eteoming sie termed spirit. 
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This mixture should be careftdly stirred before being 
applied to the cloth. Some printers use a little less 
tin than is prescribed above, and add a very small 
quantity of pemitrate of iron. 

After being printed with this mixture, the cloth 
should be suspended in a warm room for two days 
and two nights, and then washed at the rinsing 
machine. 

Spirit chocolate. — A fancy chocolate or puce co- 
lour may be imparted to cotton by means of a mix- 
ture of logwood liquor, peachwood liquor, perchloride 
of tin, and a little nitrate of copper, thickened with 
either starch or British gum. 

A much faster colour may be obtained by first 
printing on a mixture of logwood liquor, red liquor, 
and oxalic acid, and after ageing, passing the cloth 
through a solution of bichromate of potash. If the 
materials are employed sufficiently strong, an excel- 
lent black may be imparted by such a process. The 
black or chocolate coloured substance thus produced 
is a compound of oxide of chromium with the colour- 
ing matter of logwood. 

Spirit pink. — The following receipt for a topical 
pink has been recommended to me by a Lancashire 
printer : 

1 gallon of peachwood liquor at 8° Tw., 

1^ pounds of starch, 

^ gill of solution of nitrate of copper at 100° Tw., 

3 gills of solution of perchloride of tin, 

4 ounces of "pink salt " (see page 289), and 
1 gill of oil. 

The peachwood liquor is first boiled briskly with 



CALICO-PRINTING PE0CE8SES. 365 

the starch; the nitrate of copper is next added; and 
wiien the mixture is cooled to alwut blood-heat, the 
remaining ingredients are introduced. 

Spirit yellow. — A fancy yellow, pretty much eni- 
'ed for grounding in by the block, is a mixture 
of decoction of French ben-ies, red liquor, and ox- 
alic acid, thickened with starch or gum ti'agacanth. 
Some printers use, instead of red liquor and oxalic 
acid, a mixture of perchloride of tin and alum, and 
thicken with starch ; others, perchloride of tin oidy, 
with gum as the thickener ; and otliers, a mixture 
of red liquor, alum, and protochloride of tin, thick- 
ened with either flour or stai'ch. 



mi 



I Blue. — 1. The following topical blue is sometimes 
,nded in by the block, for light goods, after all 
or most of the other colours have been applied. Being 
easily washed out, it is not used except witii fugitive 
colours, and in cases where it woidd be inconvenient 
to apply the mixture for steam blue. 



1 pound of yellow prasaiate of potaiih, 

1^ gills ofBolutionoEnitralcuf iron of 80° Tv.., 

3 gills of perchloride of tin of 100", 

1 gallon of water, uid 

ij pounds of starch. 



^^'The prussiate of potash is first dissolved in the 
water, and with this solution the starch is boiled 
briskly for a few minutes. When tlic mixture is 
cooled, the nitrate of iron and percldoride of tin are 
added. The blue colour is derived frojn Prussian 
blue (see page 25G), 
2. Indigo communicates a faster blue, so fai- as 
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the action of soap and alkalies is concerned, than 
Prussian blue; but the latter possesses consideraUj 
more brilliancy than the former in its ordinary state. 
As a topical colour, indigo is applied in the form of 
indigotin, or the hydruret of indigo-blue (see page 
244) { the deoxidizing agent employed to produce 
the indigotin being either metallic tin, or the red sul- 
phuret of arsenic (red orpiment, or red arsenic)* 
Until within a few years, almost the only solution of 
indigo employed as a topical colour was that known 
as ^^ pencil blue ;" which is prepared by mixing with 
water and boiling together, about equal parts of 
ground indigo, orpiment, and quick-lime, and when 
the mixture is withdrawn from the fire and become 
lukewarm, adding about as much carbonate of soda 
as of orpiment previously introduced. The dear 
liquor when thickened willi gum was applied to the 
cloth by a pencil, or by the block charged with the 
colour by a particular contrivance to prevent as 
much as possible the access of air to the sieve. 

3. A much more convenient way of eflFecting the 
conversion of indigo-blue to white indigo, through 
the action of the same deoxidizing agent, is to mix 
the ground indigo with a solution (previously made) 
of red arsenic in perfectly caustic potash or soda, 
adding as much more caustic alkali as is necessary 
to keep the white indigo in a state of solution. In 
this way, the inconvenience arising from the sediment 
of lime and excess of orpiment is avoided. 

Pencil blue contains a considerable excess of the 
deoxidizing agent, which is necessary on account of 
the rapidity with which indigo-blue is deposited from 
all solutions of indigotin when freely exposed to the 



CALICO-PRINTING PEOCE93ES. 



367 



air. With a smaller proportion, the indigo-bhie 
might be deposited in an insoluble state on the sur- 
face of the cloth before sufficient time is allowed for 
the solution of indigotin to penetrate to the interior 
of the fibre. This inconvenience may be partly sur- 
mounted by directing a jet of coal-gas against the 
printing roller, and a short length of the cloth pass- 
ing from the roller. 

The consti-uction of the cylinder machine, by which 
pencil blue is applied, differe slightly from that re- 
presented in figure 39, page 336. The cylicder c 
is dispensed with, the engraved roller itself dipping 
an inch or two into the colour mixture; and the 
roller is cleaned from the superfluous coloiu- by re- 
Tolving in close contact with one of the sides of the 
ftolour-troughs, which thus acts as the " doctor." 
I 4. The deoxidizing agent employed for reducing 
or affording hydrogen to the indigo in the prepara- 
tion now commonly substituted for pencil blue, is 
metallic tin. One equivalent of the metal becomes 
oxidized, in the presence of a caustic alkali, at the 
expense of two equivalents of water, the hydrogen 
of which unites with the indigo. To prepare such 
a mixture fit for application by the roller, the ma- 
terials may be employed in the following propor- 
tions : 

4 pounds of ground [[idigo, 

»4 quarts of water, 
2^ quarts of solulion of caustic soda of 70° Tw., 
3 pounds of granulated tin. 

The indigo is first intimately mixed with the 
water, the tin and alkali ai-e afterwards added, and 
xture is heated to the boiling point, then 
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taken off and stirred until a drop, placed on a glass 
plate, appears of an orange-yellow colour. To this 
solution is afterwards added a mixture of a solution 
of chloride of tin at 1 20** Tw. with an equal measure 
of muriatic acid, until the free alkali is completely 
neutralized, and an olive-coloured precipitate falls. 
The mixture is then well stirred, and added to strong 
gum-water to the required shade. 

For some purposes, the free alkali is neutralized 
by tartaric acid, and from half a gill to a gill of the 
solution of tin is afterwards added. 

It is evident that the above preparation contains 
white indigo in an insoluble state ; in a form, there- 
fore, unable to enter the interior of the fibres. To 
dissolve the white indigo and allow it to be absorbed, 
the printed cloth is passed through a solution of 
carbonate of soda of spec. grav. 8° or 10° Tw., and 
at the temperature 80° or 90° Fahr. On afterwards 
exposing the cloth to the air, the solution of white 
indigo, now within the fibres, absorbs oxygen and 
aflbrds a precipitate of indigo-blue. 

Steam colours. — Very few colours attach them- 
selves firmly to the cloth by being merely printed 
on together with the mordant ; but if a cloth thus 
printed is exposed for a short time to t];fe action of 
steam, an intimate combination takes place between 
the tissue, colouring matter, and mordant. Before 
the printed cloth is exposed to steam, the colouring 
matter may in general be easily removed by washing 
with pure water; but afterwards it is attached to 
the tissues almost as strongly as in any other style 
of printing, presenting, moreover, a brilliancy and 
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delicacy harSly attainable by any other process. 
Printing by steam is one of the most important of 
modern improvements in calico-printing; it is prac- 
tised not only on goods of cotton, but also on silk, 
woollen cloths, and chalys. 

The brilliancy and permanency of almost all steam 
colours are greatly increased by im[)regnating the 
cloth with a solution of tin, or, for some styles, with 
a solution of acetate of alumina, previous to the ap- 
plication of the colours. The solution of tin now 
commonly used for this purpose is the sta?maie of 
potash, which is, when properly made, a solution of 
peroxide of till in caustic potash (see page 289) ; 
this preparation sometimes contains protoxide of tin, 
but the stannate containing the peroxide only is pre- 
ferred. This alkaline solution is not nearly so inju- 
rious to the cotton fibre as the perchloride. 

After having been padded in the solution of stan- 
nate of potash, the pieces of cotton are usually passed 
through a cistern containing a solution of miiriate 
of ammonia, to produce a precipitate of peroxide of 
tin. Some printers employ very dilute sulphuric 
acid instead of a solution of muriate of ammonia, 
but the latter is decidedly preferable. 



^^1 



To the cloth thus prepared, or occasionally with- 
:t any preparation except bleaching, the solutions 
of the mixed colouring materials and mordants, pro- 
perly thickened, are applied either by the roller or 
block. Steam colours are chiefly grounded in by 
the block to cloths which have been already printed 
and finished off according to other styles of work, 
;icularly the madder style. The following recipes 
2 a 
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will aflford examples of the principal mixtures which 
are applied to cotton as steam colours ; some of them 
may also be applied to silk and woollen goods, but 
for this purpose the proportions of the materials 
generally require to be varied. The mordant most 
frequently used for steam colours is red liquor, mixed 
with oxalic or some other acid to prevent the precipi- 
tation of the compound of colouring matter and mor- 
dant. 

Steam black. — The first of the mixtures follow- 
ing is best adapted for the roller, the other for 
grounding in by the block : 

No. 1. 

1 pint of red liquor of 18° Tw., 

2 pints of iron liquor of 24° Tw., 

1 gallon of logwood liquor of 8° Tw., 

1| pounds of starch, 

\\ pints of pyroligneous acid of 7° Tw. 

All these materials may be mixed promiscuously 
and then boiled for a few minutes to form a mucilage. 
The cotton requires to be steamed about thirty mi- 
nutes. 

No. 2. 
3^ pints of peachwood liquor of 6° Tw., 
7 pints of logwood liquor of 6° Tw., 
12 ounces of starch, 
14 ounces of British gum, 
3 ounces of sulphate of copper, 
^ 1 ounce of copperas, 
3 ounces of a neutral solution of pemitrate of iron, made by mixing 
one pound of acetate of lead with three pounds of the common 
acid nitrate of iron of 122° Tw. 

If intended for goods of silk and wool, four ounces of extract of in- 
digo should be added. 




added; tJ^KB^flfswi 
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either bj Ik roller v block: 

I ed« «f cmMmJ KfBor of C^ To, 



The cochineal liquor is first boiled with the starch 
for a few minutes; when the mixture' is half cold, 
the oxalic acid is added, and as soon as the acid is 
dissolved the salt of tin is introduced. 

A cheaper but less brilliant steam red, much nsLxl 

iy some printers, is prepared by substituting pciich- 
rood liquor for cochineal liquor in the above. ■ 
, Steam purple. — To a gallon of i-ed liquor of 
8° Tw., heated to about 140° Fahr., thix'e poiiiids 
of ground logwood are added ; the mixturu is well 
stirred for about half an hour, and tlieu straiufld 
through a cloth filter, the residue on thu filter being 
washed with two quarts of hot water, which nnj m- 
ceived into the first liquid. ' The mixture tliiis nli- 
tained may be diluted with water, uccontiug to tlm 
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shade of colour required ; for a moderate depth, one 
measure may be mixed with three of water, and 
thickened with starch, flour, or gum. This prepa- 
ration may be applied either by block or roller. 

Steam yellow. — Either decoction of Persian ber- 
ries, decoction of quercitron, or decoction of fustic, 
may be used as a steam yellow, but the first is 
most commonly employed at present. 

No. 1. 

1 gaUon of berry liquor of 4° Tw., 
5 ounces of alum, thickened with about 
14 ounces of starch. 

No. 2. 

1 gallon of berry liquor of 4® Tw., 
li giU of red liquor of 18° Tw., 

2 ounces of crystals of protochloride of tin, and about 
14 ounces of starch. 

The mixture made according to the following re- 
ceipt affords a darker shade than either of the pre- 
ceding : 

No. 3. 
1 gallon of a mixture of equal measures of decoction of Persian 

berries at 15° Tw., and of decoction of fustic at 16° Tw., 
14 ounces of starch, 
7 ounces of alum, 
7 ounces of crystals of protochloride of tin. 

The decoctions of the dye-stuffs are mixed with the 
alum and starch, and heated until properly thick- 
ened; the mixture should be soon withdrawn from 
the fire, and when cold mixed with the salt of tin. 

The preparation made as No. 2 will probably be 
found superior to either of the others for cotton 
goods. The steaming for No. 3 must be continued 
only a short time, else the fibre of the cotton would 



Ftiu. This 
I colour) 

for fabrics of wool and alk than for those of cotton, 
but it may be adTantageoD^j ^^tlied to cotton as 

Iiqiirit or wa^b-off colour (page 363). 
\ The orange stripe in the specimOL annexed (Xo. 
0) is also produced by decoction of Persiau berries, 
the mordant being protoxide of tin only. 

A convenient mixture for producing this colom- 

tthe following : 




l&Ilon of L^rry liquor made from three pounds of berries ti 
gallon, and 
4 ounces of cryst. protochloride of ti 

es and thicken with 
3 to 4 pounds of Brilisli gum or I pound of starch. 



iMgi^tlicr 



J The cloth may be steamed and washed in tbn 
tBual manner, but this colour becomes strongly at- 
tached by merely ageing the cloth for two or three 
days, and then passing it througli hot chaUty water. 
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Steam blue. — A very beautiful steam blue 
be communicated to cotton and woollen goods 
means of a mixture of yellow or red prussiate of 
jwtash, with tartaric, oxalic, or sulphuric acid, and 
alum or pcrcUloride of tin. If for applying to cot- 
ton goods, alum is used ; but if for woollen fabrics, 
perchloride of tin is preferable. The blue in the. 
annexed specimen (No. 11) was produced by su( 
a process. 




For printing on cottona by the roller, either No. 1 
or No. 2 of the following mixtures may be used : 

No. 1. 
1 gallon of water, 

li pounds of yellow pni<'siiiic u! puUsh, 
3 to 4 oonces of alum, 
lo 6 ounces of oil of vitriol, 
1^ pounds of starch. 



No. a. 



ig 






1 j pounds of yellow pni 
3 to 4 ounces of alum, 
10 to 12ouiicosof loitiui 
ij pounds of BtBrcli. 
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H The starch and prussiate of potash are boiled in 
'* the water, and when the mixture is withdrawn from 
the fii-e and cooled, the sulphuric or tartaric acid 
and alum are introduced. The mixture made as 
No. 2 affords a more lively colour than that maile as 
No. 1, but the latter is least expensive. 



I 



No. 3. 

1 gallon of water, 

3 to 3^ ounces of alum, 

1 j to S ounces of oxuJic ucid, 

3 to 4 auDcea of tortaric acid, 

12 ounces of yellow ]»UBiiiate of pulusfi. 



^ Ml 



The gum, acids, and alum may be first dissolved 
in the water with the assistance of heat, and when 
the mixture is quite cold, the prussiate of potash 
is added. 

The time necessary for steaming cottons printed 
tth either of these preparations is about thirty 
minutes. When withdrawn trom the steaming cy- 
linder or chamber, the goods present, if yellow pms- 
siate of potash is used, a blueish-white colour, which 
changes to deep blue on exposure to the air for a 
couple of days. The chemical change by which the 
coloiu" is produced during the exposure to air depends 
on the absorption of oxygen or the removal of hydro- 
gen ; as is evident fi'om the circumstance, that if the 
goods are passed through a solution of bichromate 
of potash as soon as withdrawn from the steaming 
cylinder or chamber, the blueish-white changes to 
deep blue immediately. If the red prussiate of pot- 
ash is employed instead of the yellow prussiate, 
the cloths ac(|uire the proper blue colour during 
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the steaming, and the depth of the colour is not 
sensibly increased by exposure to air or to a solu- 
tion of bichromate of potash. 

The blue colouring matter produced in these pro- 
cesses is a variety of Prussian blue, formed through 
the decomposition of hydroferrocyanic acid set at 
liberty by the action of the more powerftd acids 
present on the prussiate of potash. When an aque- 
ous solution of pure hydroferrocyanic acid is gently 
heated and exposed to the air, the acid suffers decom- 
position with formation of hydrocyanic or prussic 
acid, and Prussian blue, which precipitates. Assum- 
ing the composition of the Prussian blue thus formed 
to be the same as that produced by mixing a solu- 
tion of yellow prussiate of potash with a solution of 
a salt of the peroxide of iron, (which contains cy- 
anogen and iron in the proportion of nine equiva- 
lents of the former to seven equivalents of the lat- 
ter,*) the decomposition which the hydroferrocyanic 
acid experiences appears to be after the following 
manner: seven equivalents of the acid, containing 
twenty-one equivalents of cyanogen, seven equiva- 
lents of iron, and fourteen equivalents of hydrogen, 
afford, 1**, one equivalent of Prussian blue, contain- 
ing seven equivalents of iron and nine equivalents of 
cyanogen; 2°, twelve equivalents of hydrocyanic acid; 
and 3**, two equivalents of hydrogen to be removed by 
an oxidizing agent. This decomposition may be ex- 
pressed more simply in symbols ; thus, 

* The prussiate of potash which enters into the composition of this 
variety of Prussian blue may be neglected in the above calculation. 
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7 eq«. of hydroferrncyanic acid 
(H, + FeCy,)or H„ F,;, Cy^j produce 
1 eq. Prusaiatj blue Fe, Cy^ 

12 eqs. liydropyaniu acid H,, Cy,, 

2 eqs. hydrogen H, 
Such we may suppose to be the decompositiou 
ich takes place wlien an aqueous solution of hydro- 
ferrocyanic acid is heated with exposure to the air. 
That the reactions which occur in the steam blue 
process are somewhat different from the above, how- 
ever, is pretty evident from the circumstance that 
the colour does not appear until the cloth is exposed 
to a source of oxygen, although the acid is cer- 
tainly decomposed during steaming, as is manifest 
from the odour of hydrocyanic actd then developed. 
According to another, and a more consistent, view 
of these changes, the blueish-white compouud on 
the steamed cloth, before being exposed to the air, 
is the same as the precipitate which falls on mix- 
ing a solution of yellow prussiate of potash with 
a solution of a salt of the protoxide of iron. This 
precipitate contains, besides a certain proportion of 
prussiate of potash, iron and cyanogen in an equal 
number of equivalents. "When exposed to the air, 
it absorbs oxygen and becomes deep blue ; the oxygen 
thus absorbed combines with a portion of the iron 
in the precipitate, forming peroxide of iron, which 
remains as an essential part of the Prussian blue- 
As the blueish-white precipitate contains a com- 
pound of an equal number of equivalents of iron and 
cyanogen united with prussiate of potash, it may 
be formed from a mixture of prussiate of potash 
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and hydroferrocyanic acid, with the separation of 
nothing more than hydrocyanic afcid ; thus, 

From 9 eqs. of hydroferrocyanic acid = H,, Fe^ Cy„ 
Deduct 18 eqs. of hydrocyanic acid ^ H,, Cy,g 

There remains Fe^ Cy^ 

On exposure to the air, this compound of iron 
and cyanogen, the probable constitution of which 
is represented by the formula Feg + 3(Fe Cys) ab- 
sorbs three equivalents of oxygen, and thereby af- 
fords a compound of peroxide of iron with the variety 
of Prussian blue noticed in the preceding page. The 
formula for this compound is Fcj 03 + (Fe4 + 3(Fe 

Cys) ). 

The reactions which occur when the red prussiate 
of potash is employed are different, the acid liberated 
from that salt by the action of the stronger acids not 
having the same composition as hydroferrocyanic 
acid. The composition of hydroferridcyanic acid 
(the acid liberated from the red prussiate) is such 
as to allow of the decomposition of the acid into 
Prussian blue, hydrocyanic acid and cyanogen, with- 
out the interference of atmospheric air or any other 
source of free oxygen. 

In its present form, this beautiful colour has not 
been long in general use for application to calicos. 
The colour obtained by the mixture formerly em- 
ployed, consisting of prussiate of potash with tartaric 
or sulphuric acid, without any addition of perchloride 
of tin or alum, is always lighter in shade and less 
vivid than that obtained with such an addition, how- 
ever concentrated the solution of prussiate of potash. 
The acids in the mixture, including the sulphui'ic 
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acid of the alum in combination with alumina (namely 
three equivalents for one equivalent of alum), should 
be in sufficient quantity to neutralize one equiva- 
lent of alkali for every two-thirds of an equivalent of 
prussiate of potash; or to saturate 5-9 ounces of 
anhydrous potash for 18 ounces of the prussiate. 

Steam green. — A very good steam green may be 
unicated to cotton goods by combining the ma- 
terials for producing a yellow, with the preceding 
mixture for steam blue ; thus, 

Kl gallon of berry liquor made from a jioiinJ and a liclf uf Persian 
berries (or of 4° Tw.), 
13 ooncet uf yellow pruBsiate of potash, 
3 to 4 ounces of crystals uf protochloriilc of tin, 
S to 6 ounces uf alum, 
* 3 to 4 ounces of oxalic acid. 
Tliiakcn with gum. 
The oxalic acid, the muriatic acid derived from 
! salt of tin, and the sulphuric acid united with 
iuiimina in the alum, should form, together, one 
equivalent, or a quantity sufficient for the saturation 
of one equivalent of a protoxide for every two-thirds 
of an equivalent of the prussiate. The time required 
for steaming this colour is about thirty minutes. 

After the colour mixtures are printed on, the 
ico is dried in a warm atmosphere for two days 
or thereabouts before being exposed to the action of 
the steam. Different methods of applying the steam 
are practised in different print-works. In some the 
goods are introduced into a large stout deal box, the 
lid of which is made very nearly steam-tight by edges 
int' felt. The steam is admitted near the bottom 
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by a thickly perforated pipe iriiich trareraes the 
\m)x. For the deal box is sometiines sobetitiited 
a small chamber built of masoiDTjj about four or fire 
feet in length, by three feet in width, and three feet 
in height. The cloth is suspended finee finom fdds, 
on strings across the chamber. 

The most common method of ap[dying the steam 
is the following. Three or foor pieces of the printed 
and dried calico are stitched toge&er at the ends 
and coiled round a hollow cylinder of copper, about 
three feet in length and four inches in diameter, and 
perforated with holes about one-twelfth of an indi 
in diameter and half an inch distant firom each other. 
One of the ends of the cylinder is open, to admit the 
steam ; the other is closed. The calico is prevented 
from coming immediately into contact with the cy- 
linder by a roll of blanket stuff, and is covered with 
a piece of white calico tightly tied around the roll. 
During the lapping and unlapping of the calico the 
column is placed horizontally in a frame, in which 
it is made to revolve; but during the steaming it 
is fixed upright, and supplied with steam through 
its bottom from tlie main steam boiler of the works, 
tlio ([uantity admitted being regulated by a stopcock. 
During the whole process the temperature of the 
steam sliould be as near 211"* or 212°, as possible: 
the condensation which takes place below that de- 
gree is apt to cause the colours to run ; but a higher 
temperatiu'c is also injurious, as a slight condensa- 
tion, sufficient to keep the goods always moist, is 
essential to the success of the process. The steam- 
ing is continued for from twenty minutes to three 
quarters of an hour, according to the nature of the 
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stuff and the colouring mixture. The usual time 
with cottons is twenty-five minutes, and Avitli de 
laines about thirty or thirty-five minutes. The time 
required for steaming cotton goods by the chamber is 
longer than what is required by the column, being 
generally about an hour. When the steam is cut off, 
the cloths should be immediately unrolled to pre- 
vent any condensation : they are then soft and flac- 
cid, the material used as a thickener for the colours 
"being in a semi-fluid state; but on exposure to the 
air for a few seconds only, the thickener solidifies, 
and the goods become perfectly dry and stiff. After 
the pieces have been aged for a day or two, tlie 
thickener is separated by a gentle wash in cold 
water. 

To produce with steam colours only such a pat- 
tern as the annexed (No. 12), containing a design 
in lilac, pink, red, yellow, black, and dark orange 
red, the cloth may be printed by the five-colour ma- 
chine in the following manner : 
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By the first roller, with a mixture of logwood 
liquor, starch, and solution of tin for producing the 
lilac; 

By the second and third rollers, with the mixtures 
for the pink and red (see page 371), one containing 
weaker cochineal or peachwood liquor than the other; 

By the fourth roller, with the mixture for the 
yellow (see page 372); 

By the fifth roller, with the mixture for steam 
black (see page 370). 

The dark orange red results from the mixture of 
the red with the yellow. After being steamed, the 
cloth is aged in a warm room for two days and two 
nights, and then washed at the rinsing machine. 

The style following, for producing a design in 
black, red, brown, green, and yellow on a white 
ground, is a combination of the madder style with 
a topical brown and steam colours, which is sus- 
ceptible of a great variety of interesting modifi- 
cations. 

1. The cloth is printed by the three-colour ma- 
chine in the following manner : with iron liquor, for* 
black, by the first roller ; with red liquor by the 
second roller, and with catechu brown (page 361) by 
the third roller. 

2. After being printed, the cloth is aged for two 
days, dunged, dyed in the madder-beck, and cleared. 

3. The cloth is lastly printed by the block with 
the mixtures for steam green (page 379), and steam 
yellow (page 372), then steamed, aged, and washed. 

By a similar series of operations, a design may be 



CALTCO-PRINTTNfi PROCESSES. 383 

imparted in black, brown, lilac, pink, green, blue, 
orange, and yellow, ou a white ground. The cloth 
is first printed by the four-colour machine with iron 
liquor of two strengths, one for the black, the other 
for the lilac ; with red liquor for the pink, and witli 
the mixture for catechu brown (page 361). After 
being aged, dunged, dyed with madder, and cleared 
as usual, the cloth is printed by the block with the 
mixtures for steam blue (page 374), and steam yellow 
(page 372), and then steamed in the ordinary man- 
ner. To produce the orange, the steam yellow is 
printed on a part of the pink, and the green results 
from the mixture of some of the yellow with the blue. 
The specimen No. 10, page 373, is an example 
of the comliination of madder colours with steam 
colours; for the red and chocolate stripes, the cloth 
was printed with red liquor and the mixture of retl 
liquor with iron liquor, and after dunging, dyeing, 
and clearing in the usual manner, the mixture for 
orange was applied by the block. 






3. HINEKAL COLOURING MATTEBS. 



[ 



Mineral colouring matters are adapted, not only 
to the production of designs on a white or coloured 
ground, but also to form a ground for the reception 
of a design in other colours. To impart the colour 
to the entire surface of the cloth, the latter may be 
impregnated successively, by the padding machine, 
with the two solutions necessary to produce the' 
colour, or else the cloth may be padded in one of 
solutions and be afterwards winced in the other. 
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To pvTitiiKe a 4ies*ign in a mmerd coloiiriiig msttcr 
OD a wbite or oJoored grooiML the ckth is usoallj 
first prints with otie of the solutions, and then 
either \aAAfA or winced in the other. 

The codunoD ** foAding machine.^ hj which a cloth 
ii nniformlT imbued with a liquid^ is mnch the same 
as the stanrfaing machine (fig. 37, page 324), the 
thickened liqaid being contained in the trough a. 

A simpler padding machine is emploTed in somd 

print-works, of which fig. 41 is a representation : a 

Tiz. 41. and h are two cylinders rerolTing 

in close contact ; h is corered with 
blanket stuff, and dips partly into 
a trough which contains the liqaid 
slightly thickened. The calico is 
first rolled around the cylinder c, 
and then passed in the direction of 
the arrow between the cylinders a 
and b. As soon as the calico is 
padded, it is dried hard, by exposure 
to a temperature of 212^ or thereabouts, either by 
being drawn over a series of sheet-iron boxes heated 
by steam, or through the steam drying machine de- 
scribed at page 325, or through the hot-flue. K 
the colour is to be applied to the face of the cloth 
only, and not to both face and back, the common 
printing machine with a roughened roller is substi- 
tuted for the padding machine. 

Prussian blue. — More than one method of apply- 
ing this colouring material to cloth has already been 
noticed ; another is by the consecutive application of 
either yellow prussiate of potash and a salt of the 
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peroxide or protoxide of iron, or red pnissiate of 
potash ^d a salt of the protoxide of iron. The 
latter method is very rarely practised. To impreg- 
nate the entire surface of a piece of cloth with Prus- 
sian l)lue, it may i»e treated in the following manner : 

1°. Pad in a solution of acetate and sulphate of 
iron made by adding three pounds of acetate of lead 
to a solution of four pounds of copperas in a gallon 
of water, decanted from the precipitated sulphate of 
lead and diluted to the density 2° or 3° Tw. 

2°. Dry the cloth, and then wince it in wai'm 
chalky water. 

3°. Wince it in a solution of a pound of yellow 
prussiate of potash in forty gallons of warm water, 
to which are added four ounces of oil of vitriol. 

To produce a design in Prussian blue by this style 
of work, the cloth may be printed with the mixed 
solution of acetate and sulphate of iron, made as 
above, of spec. grav. 4° or 5° Tw., thickened with 
gum and "sightened" by the addition of a little 
!siate of potash. After being aged, the cloth is 
inccd in chalky water, cleaned, and winced until 
it acquires the desired shade in a solution containing 
three or four ounces of prussiate of potash, and one 
^flxiid ounce of muriatic acid per piece. 

^H Chrome-yellotv. — The yellow and orange in the 
^Tpecimen annexed (No. 13) are produced by the 
two chromates of lead, chrome-yellow and chrome- 
orange. 

To impart a ground of chrome-yellow to a piece 
f calico, the cloth should be padded with a solution 
f two pounds of acetate of lead in a gallon of water 
2 c 



_gum 
b^ras£ 




W fmted wU a aabttkm rtmOmimg bodi acctote 
■ftiHliM»ifkaa(firam ana to toi oneeE cf cad 
to dK pOoi) rtiiiWMil whh etorelL AAs facbg 
ftnABd aad dried, tk dodi is wiaoedfim in a weak 
■niatina rf carixatate of soda, and aftoirazik to a 
r*^**"* of faachrooBlB of pocasli ooonuning about 
t«o oaaees per pwee. To dear the whites, the doth 
maf be winced in water dightlj »rMiil«#w4 i 
DUiriatic acid. 






Chrom^-wange. — Agroand of dunio 
be coaimnnirafed to a piece of cotton by first applr- 
iog chrome-jdlo* in the ordinary manner, and then 
exposing the doth to boiling lime-water, which with- 
draws a portion of the chromic acid from the chrome- 
jrellow and leaves chrome-orange : thus. 



Pad the cloth twice in u saturated solution in 
r of acetate and nitrate of lead, in the proportion 
of a pound of the nitrate to a pound and a quarter 
of the acetate.* Dry in the hot-flue. 

2. Wince in weak milk of lime for a few minutes. 

3. Wince in a warm solution of bichromate of 
potash containing five or sis. ounces per piece ; and 
lastly, 

4. Wince in boiling milk of lime. Rinse and dry. 
To produce a design in chi-ome-orange on a white 

ground, the cloth may be printed with a saturated 
solution of acetate and nitrate of lead (as above) 
thickened with British gum ; after being dried, it is 
passed through a solution of sulphate of soda to fix 
the oxide of lead in an insoluble state, then well 
washed in water, and winced in a warm solution of 
bichromate of potash. It is afterwards rinsed, and 
passed through boiling milk of lime to convei-t the 
chrome-yellow into chrome-orange, 

A design in chrome-yellow on a chrome-orange 
gi'ound may be obtained by printing an acid on the 
orange ground, so as to withdi'aw the exc&ss of oxide 
of lead from the subchromate (orange), and thus 
form the neutral chromate (yellow). The specimen 
No. 13 was produced in this way; the blue and 
black ai-e merely spirit colours. 

Difierent shades of green are given to cotton goods 
by a mixture of chrome-yellow with Prussian blue. 
The colouring materials may be applied consecutively, 
or at once trom mixed solutions; the cloth being 

* Vi''ttter is copable of dissolving nearly twice es much oF a misture of 
acetate and nitrate of lead, in the proportion of single eqoivalents, as of 
either of (he salts separatelj'. 
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first padded, in the latter case, with a mixture of 
acetate of iron and nitrate of lead, and afterwards 
winced in a solution of prussiate of potash and bi- 
chromate of potash with a small quantity of muriatic 
acid. 

To obtain a design of a green colour by conjoin- 
ing chrome-yellow with indigo-blue, the cloth may 
be printed with a solution of from two pounds to 
two pounds and a half of nitrate of lead in a gallon 
of the neutralized mixture of white indigo with so- 
lution of tin prepared as described at pages 367, 
oi>8. After being printed, the doth is passed, first, 
ihrvMich a warm solution of carbonate of soda to fix 
the blue and oxide of lead, and afterwards through 
a solution of bichromate of potash to raise the 
Tieilow. 

Iron 6ii/f. — The solutions of iron in common use 
tor irvMi buff are the pemitrate and a mixture of the 
aottaio with the protosulphate, obtained by adding 
frv^ra one j^art to three parts of acetate of lead (pyro- 
i^i:::ito^ to thrvo parts of copperas. Double decom- 
|v\sitivni takes place between the acetate of lead and 
a jv^nion of the copperas with formation of acetate 
of iTv>n and sulphate of lead. For producing light 
shadows alum is sometimes added, together with a 
little carbonate of soda to take up a portion of the 
iioid of the iUum. Acetate of lime is frequently sub- 
stituted for acetate of lead, in the preparation of 
** Vuff-liquor.'' 

The buff colour in the specimen following (No. 14) 
is pnxluoovl by iron buff. 

To imivsirt a buff ground, the pieces are padded in 



CALTCO-PRINTraG PROCESSES. 




fhliquor of any strength between 2° and 10° Tw., 
according to the shade of colour desired, then dried 
hj being drawn either through the hot-flue or oyer 
iron boxes filled with steam, and aged for one or two 
days. Some printers then wince the pieces in water 
containing some chalk, and afterwards pass them 
through a solution of carbonate of soda; but it is 
much better to pass them at once through a solu- 
tion of caustic soda, or through milk of lime. 

During the ageing of the padded goods the salts 
of the protoxide of iron become subsalts of the per- 
oxide, which are decomposed in the alkaline or cal- 
careoTis solution, the acids being withdrawn by the 
alkali while the peroxide of iron becomes fixed on the 
cloth. 

To obtain an iron buff figure, the pieces may be 

printed with a buff-liquor of any strength between 

10° and 30° Tw. thickened with either gum, calcined 

farina, salep, or British gum. After being dried aud 

1 aged, the pieces are passed directly through a so- 



T^r 



890 DTEWG ASD CUICX^PWHTIHG. 

Iiitiou of caustic soda, or else througb milk i 



Manganese bronze. — Tlie brown gronnd of the 
Bpecimcn iiimexed (No. 15) is produced bj manga- 
nese bronze or peroxide of manganese. 




A solution of manganese sufficiently pure for \ 
dutiiug the bronze, may be obtained from the residue 
of the procoss for chlorine, by saturating the remain- 
ing free sulphuric or muriatic acid with chalk, allow- 
ing the precipitate to settle, and decanting and cod- 
ceutrating the cleai' supernatant liquid. The chalk 
«>rves not ouly to saturate the free acid, but to pre- 
cipitate peroxide of iron tVom the soluble salts of 
that oxide which this bye-product always contains. 
Lime has been recommended for this purpose instead 
of chalk, but it is never employed on the large scale, 
tts AW excess Would decompose the salts of manga- 
iHW as well as those of iron; an excess of chalk, 
liowt'vor, is without action on the manganese i 
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^Hl purer solution of manganese is prepai-ed by heat- 
^^^ the residue of the chlorine process with more black 
^^pide of manganese until the evolution of chlorine 
^^KQost ceases, and then adding, cither chalk, or freshly 
^^Kecipitated cai'bonate of manganese, until the liquid 
^^Bcomcs coloui'less. Having been allowed to settle, 
l^^e solution is decanted and concentrated by evapora- 
tion. 

To impart a dark bronze ground such as that in 
the above specimen, the strength of the solution of 
chloride of manganese may be about 26° Twad. For 
lighter shades, the solution may be made as weak as 
4° Twad. 

After having been padded and dried, the goods 
are passed through a cold caustic ley, whereby prot- 
oxide of manganese becomes precipitated on the cloth. 
On exposure to the air, the protoxide soon absorbs 
oxygen, passing into the state of the brown peroxide ; 
but the peroxide may be produced immediately by 
wincing the goods in a. solution of chloride of lime 
or chloride of soda as soon as they are taken out of 
the caustic ley. The common practice is to expose 
the pieces to the air until they acquire a good full 
colour, and then to complete the peroxidation of the 
^jjftanganese by a dilute solution of chloride of lime. 
^^^Peroxide of manganese is very seldom applied as 
^B figure on a white ground. The solution of the 
^chloride used for this purpose may have a density 
about 16° Tw., and be thickened with from two 
pounds to two pounds and a half of gum to the gal- 
lon. A small quantity of tartaric acid is a useful 
addition to such a solution. The printed and dried 
^^]th is drawn through a caustic ley, exposed to the 
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air, and winced in a solution of chloride of lime as 
above. 

Scheele^s green. — To obtain a ground of Scheele's 
green (arsenite of copper), the doth is padded two 
or three times with a solution of nitrate of copper, 
or else with a mixture of the sulphate and acetate 
containing a little size, and after being dried^ is 
winced in a dilute solution of a caustic alkali, to fix 
the oxide of copper. The cloth is then rinsed in 
water and winced in a dilute solution of arsenious 
acid, or else in a solution of arsenite of soda. 

For the manner of applying a few other mineral 
colours, namely, antimony orange, arseniate of chro- 
mium, orpiment, and prussiate of copper, see page 
254, et seq. 

Mineral colours are frequently combined with steam 
and madder colours in the same design. When this 
is the case, the madder colours are always applied 
first, the mineral colours next, and the steam colours 
last. 

The following method of procuring a design in 
black, purple, two shades of red, two shades of buff*, 
green and yellow, on a white ground, is an example 
of the combinations of mineral colours with madder 
and steam colours : 

1. Print the cloth by the four-colour machine 
with the mordants for black, purple, and two reds 
(see pages 353 and 354); 

2. Age, dung, dye in the madder-beck, clear and 
dry ; 

3. Print by the two-colour machine (or else by 



I 
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iks, according to the design) with buff-liquor of 
two strengths, thickened with starch or British gum ; 

4. Wince the cloth, after being aged, in milk of 
lime, to raise the buff, and rinse in water; 

5. Dry and print by blocks with the mixtures for 
steam blue (page 374), and steam yellow (page 
872); 

6. Age, steam, and rinse. 
A pleasing pattern may be obtained by combining 

in one design, on a white ground, figures or bars in 
different shades of iron buff, with a figui'e or stripe 
in steam blue. The buffs are first applied in the 
[al manner. 



4. RESIST STYLE. 

The object of the resist style of work is to pro- 
Btice a white or coloured design on a coloured ground 
"hj the topical application, in the first place, of a 
substance called the resist, reserve, or resist paste, 
which has the property of preventing the attachment 
or developement of colour, when the whole surface of 
the cloth is afterwards impregnated with a dyeing 
material. One class of resists, consisting of sub- 
stances of an unctuous nature, acts merely mechani- 
cally ; another class acts both mechanically and che- 
mically. The latter kind are divisible into two subdi- 
visions, according as their influence is exerted merely 
I the mordant or on the colouring matter itself. 

I 1. Fat resists. — Resists of an unctuous nature are 
' used for ajiplying to goods of silk and wool. 
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biit tlicy may be lUso advantageously applied, in 
particular rircumstanoes, to goods of cotton. The 
autwixed specimen (No. 16) b an esample of the 




combinntion of such a style of work with ina( 
colours and steaui coloura. The specimen No. ' 
page 355, shews tlie appearance of the above m 
an early stage of the process. After having been 
printed, dyed, and cleared as already described, the 
red und lilac figures are covered (or overlaid) with 
a resist consisting, usually, of an intimate mixture 
of 8uet and gum-water.* The whole is then iim 
over by the roller with weak ii'on liquor for the lilac 
ground, and the cloth is aged, dunged, dyed, and 
cleared. The mixtures for steam green and steam 
yellow are afterwards pegged in by blocks, and the 
steaming is performed in the usual manner. The 

* A Bolatinn of citrate of Eods (obtaiacd by ncutraliziug lime -joiae 
widi soda), tliickened nith pipe-clay and gutn, might be used ii 
tlii^ luixiuie TUCDtioncd in the text. 
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^Kxture for the green in the above specimen is quite 
^Kiilar to that described at page 379; tliat for the 

^Blow was made by mixing a quart of red liquor 
Hr spec. grav. 8^° Tw. with a gallon of berry liquor 

' of r Tw. 

In this style of work, however, the dyeing with 
madder might as well be performed at one opera- 
tion, as the red and lilac mordants for the figures 
are not at all injured by the fat resist with which 
they are covered. 

2. Resists for mordants. — The material generally 
used for preventing the deposition of a mordant on 
particular parts of the cloth is an acid or acidulous 
salt capable of uniting with the base of the mordant, 
to form a compound soluble in water and not decom- 
posable into an insoluble subsalt during the hanging 
of the mordanted goods, previous to dunging and 
dyeing. The resist commonly employed for the iron 
and aluminous mordants is lemon-juice or lime-juice, 
or a mixture of one of these with tartaric and oxalic 
acids and bisulphate of potash. The thickening ma- 
terial is either a mixture of pipe-clay or china-clay 
with common gum, a mixture of British gum with 
gum Senegal, or British gum alone. Lemon-juice or 
lime-juice is decidedly preferred to pure citric acid 
(which is the acid principle of these juices), as the 
mucilaginous matters in the former impede the crys- 
tallization of the acid within the pores of the cloth, 
and thus render it better adapted to prevent the at- 
tachment of the mordant in an insoluble form. The 
strength of the resist is regulated by the strength 

L J)f the mordant afterwards applied ; it is seldom used 

■iof a higher density than T Twad. 
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The spedmcn (No. 17), exhibiting a design in 
black, lilac aod white od a lilac groond, was piudncetl 




liy thlapting the resist style of work to madder cole 
The printing for such a pattern may be perfoi 
hy the three-colour machine in the following order; 

By the first roller; the resist, which may he ei) 
lemon-juice of spec, grav. 2' or 3° Twad., thicken* 
with four pounds of British gum to the gallon, 
else a sulution of about the same density, of tartaric 
and oxalic acids in weaker lemon-juice, also thicki 
with British gum : 

By the second roller; the mordant for the hli 
which is iron liquor of spec. grav. 8° Twad. 
ened with a pound and a half of flour to the gallon^ 

By the thu-d roller; the mordant for the ground 
of lilac, which is iron liquor of spec. grav. 1^' Twad., 
thickened with four pounds of British gum to 
gallon. 

The application of the mordant for the groi 
may he made hy the padding machine (fig. 41, 
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384), but it is commonly done by the cylinder ma- 
chine, the entire surface of the copper roller being 
slightly roughened or engraved in close diagonal linos, 
so as to enable it to afford an uniform deposit on 
the clotli. 

The operations of ageing, dunging, dyeing, and 
clearing are conducted in much the same manner 
as if the acid resist had not been applied. It is 
usual, in this style of work, to add a small quantity 
of chalk to the dung-beck, in order to counteract 
the effects of the free acid in the resist. 

Iron liquor may be resisted or prevented from 
affording a deposit of insoluble subsulphate during 
the ageing, by a process somewhat different from the 
above, the resisting agent being protochloride of tin 
(commonly called salts of tin), instead of a free 
acid or an acidulous salt. A mixture of protochloride 
of tin and iron liquor does not afford a deposit of a 
subsalt of iron during the ageing of cottons printed 
with the mixture, probably through the occurrence 
of a double decomposition with formation of acetate 
of tin and chloride of iron. The latter compound 
does not afford an insoluble precipitate during the 
ageing, and may be entirely removed from the cloth 
by washing. 

When a piece of cotton cloth is printed with a 
solution of salts of tin by the first roller of a two- 
colour machine, and with iron liquor by the second 
roller, over the parts printed by the fii-st roller, such 
a mixture as the above is of course formed wherever 
the salt of tin had been applied, and no subacetate 
of iron is deposited there during the ageing. 



n tEj T^r imi i. tusst it TmoKm^ & insK %bv 
« & tuonrnd imimd: x i» '/.nmminirr ancsol with 

^siTi:..;.!!:: «f umninA ±niiL -zmz zr^asTO^if^ h ut 

«safr I 3^L TgTTR «n!!Tiiiiiia!it a^ pnrpie ^ir Mat^ It 
f -D ir Hiaer-s^ lOiiC 'liimf misaoi <uf pvcecdnre is 
•HIT- iJi'iiTri T3SL J. ytanss^ .oamfsijii ^df tk red de- 
^vn ^ T^iTHD^L "ian ^.mid. i«^ «nai^t*fi In- leaTing 
& usak: Jisns in 'sc^ nifis' i^* t:&e iris. fifiKir. and 
aig -i Ji ' Lb ii-m.ntr :ae r*ft InrBLir ^stk xht vfciie parts 
jr I. ssoiiL TiiLar ir ^ tae Ui^. To lesst 
JTOL liiTiLir ffiiL iscttf^ i&e mixiiiBt fir a fidl 
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r • tiint.Tr 1 fe^.'p iz. fili P^i ausd Ihndt on snch 
& ilai! zr'nniL ii* lie fweirM&^L Xv. 16, page 394, 
r.' onions. *ritf iL«TiiL li? TirzJiai with stroiig iroa liquor 
TIC rid *}iiie-L TTiii tie ii«:Te nixture fcr die red, 
sua Txii zr.cL Zj:ii:r :f 1^ Twad. fcr the lilac; after 
xriicii X J5 lii^L inzd^i. dred. ic- in the osoal 
n^mntor A xr^sia T^irafsr of pkasing elfects may 
}t initin:^! ^j ccciiiiiHS^ this kind of work with 
<i.>im >r 7- go-tjl ct*?«irs. the iron liqnor not being 
tpijiii^x i^ 4 r^TMibi^ bat as a design extending on 
^a >i»oi It ^ red fisiire, and on the parts left 
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white the steam colours arc applied, after tlyeing 
with madder and clearing. 

Another material, much used as a resist for red 
liquor and iron liquor, is a solution of citrate of 
soda, prepared by neutralizing lime-juice of about 
4° Twad. with soda, thickened with a mixture of 
gum and pipe-claj. The action of this resist may 
probably be referred to the tendency of citric acid, 
like oxalic acid and a few others, to form a double 
salt with peroxide of u-on or alumina and an alkali, 
which affords no precipitate of alumina or oxide of 
iron during the ageing. In this case a portion of 
the alkali in the neutral citrate is withdrawn by the 
acetic acid in the mordant, an acid citrate of soda 
being thus formed. Neutralized lime-juice of 4° Tw. 
has about the same resisting power as the unneu- 
tralized juice of 2° Tw. 

The principal use of neutralized lime-juice as a 
resist for iron liquor is to protect figures previously 
applied in madder colours ; for which purpose the free 
acid is quite inapplicable, as it would dissolve the 
mordant on the cloth in combination with the colour- 
ing matter. If the dyeing of the cloth with madder 
for such a pattern as that of the specimen No. 16, 
page 394, is performed at two opei'ations, neutra- 
lized lime-juice is generally preferred to the fat resist 
for protecting the red, lilac and white figures of the 
specimen No. 7, page 355; but if the maddering is 
to be completed at one operation, the fat resist must 
be used. 



t~B. Mesists for the colouring matfer. — The pro- 
Isction of a white or coloured pattern on a coloured 



ii» DTxncG A!n> cjJLico-rannnxG. 

grvTond bj the direct action of a resist on a colour- 
ing matttf , is chiedr practised with indigo, at least 
in the printing of calicos. The substances most 
c»>fnmonlT employed for this purpose are salts of the 
black oxide of copper, particnlarlj the sulphate and 
the acetate. The other substances employed as re- 
sists f«>r indigo are sulphate of zinc, chloride of zinc, 
chloride of mercurr (corrosive sublimate), and a mix- 
ture of ODrrodre sublimate and binarseniate of potash. 
None of these are in common use except sulphate 
of copper, acetate of copper, and sulphate of zinc 

The ordinary course of operations practised in this 
style of work, with the riew of producing merely a 
white pattern, are the following : 

The resist, mixed with unctuous matters and pro- 
perly thickened, is first printed on such parts of the 
cloth as are not to absorb the indigo, and the goods 
are suspended for one or two days (according to 
the composition of the resist) in a chamber at 
common temperatures, and not very dry. The pieces 
are then fixed on a firame and dipped into the indigo 
vat, which contains, in solution, the colourless hy- 
dniret of indigo, or indigotin (see page 244). The 
solution of indigotin is immediately absorbed by the 
cloth on all parts where the resist had not been 
printed, which parts become deep blue when the 
cloth is afterwards exposed to the air, the soluble in- 
digotin passing into the state of insoluble indigo- 
blue through the absorption of oxygen. But wher- 
ever the resist had been applied, the solution of in- 
digotin is not absorbed by the cloth, partly on account 
of the unctuous matters contained in the resist, but 
chiefly from the action of the metallic salt on the 
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indigotin in solution, by which either indigotin or else 
indigo-blue becomes precipitated before the solution 
reaches the interior of the fibre, and being precipitated, 
the indigo is rendered incapable of being absorbed 
by tlie pores of the cloth. The indigo-blue which is 
formed by the resist is merely attached to the sur- 
^^fiice of the cloth, and is easily removed by washing. 

^K The first chemical change which occurs when the 
^^Kith printed with a resist containing sulphate or 
^^Betate of copper or corrosive sublimate is dipped 
^^tto the indigo- vat, is the decomposition of the me- 
tallic salt in the resist by the alkali or lime in the 
vat, whereby the cupreous salts afibrd a precipitate 
of hydrated protoxide of copper (black oxide) and 
corrosive sublimate, a precipitate of protoxide of mer- 
cury (red oxide).* These oxides are no sooner pro- 
duced than they exert an oxidizing action on the in- 
digotin in solution, and become reduced ,to the state 
of inferior oxides. The protoxide of copper becomes 
the red or suboxide (which generally requires to be 
cleared away at the end of the process by wincing 
the goods in dilute sulphuric acid), and the prot- 
oxide of mercury becomes the black oxide or sub- 
p o xide. 

^V The mode of action of sulphate of zinc is some- 
tMifliat different. This salt exerts no oxidi2ing action 
on the indigotin, but causes the precipitation of that 
substance in an insoluble state by withtlrawing the 
lime which holds it in solution. By the reaction of 
the lime in the solution on the sulphate of zinc, there 
are also precipitated sulphate of lime and oxide of 
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zinc, both of which ofibr a mechanical impediment 
to the access of the liquid to tiie cloth. 

The sulphate of zinc resist should be used only 
in cases where it would not be allowable to expose 
the goods to dilute salphnric acid, after having been 
dipped into the blue-vat, as if, for instaoce, a design 
had been previously applied in madder colours, this 
operation being unnecessary with the zinc salt. Cor- 
rosive sublimate is far too expensive, and also too 
weak, to be commonly employed as a resist for in- 
digo, except where a very delicate figure in madder 
colours has to be protected. 

The white pattern in the annexed specimen (No. 
18) was produced by such a process as that just 




described. For tliis style of work, the blue-vat or 

solution of indigotin may be made by mixing one 
hundred pounds of ground indigo, one hundred and 
thirty-five pounds of copperas, one hundred and 
seventy-five pounds of lime, and from sLxteen hun- 
dred to two thousand gallons of water. The vat is 
fit for use two days after the materials are mixed. 
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a deep blue, the cloth is dipped into the vat 
Tor ten minutes and then exposed to the air for the 
same length of time, -and the dipping and exposure 
to the air are repeated untU the required depth of 
colour is obtained. ■ 

The composition of tlie resist paste is varied ac- 

ding to the depth of colour in the blue ground. 

fce following mixture is well adapted for dark bine : 

No. 1. 
:o 4 poimils of sulphate of copper, 
7 pints of water, 

6 poiuida of pipe-clay, china-clay, or sulphate of lead, 
4 oujices of soft soap, 
3 pomuls of gum. 

^ For a resist paste for light blue, the proportion of 
ilphdte of copper may be reduced to eight ounces in 
» gaflon of the paste. This resist we may call No. 2. 
fhe sulphate of zinc resist, for protecting a de- 
sign in madder colours as well as for preserving some 
white, may have the following composition': 

No. 3. 
■ 4 to S pouDcla of sulphate of zinc, 
wl; S quBTts of boiling water, 
" fij pounds of pipe-clay, 

4 OUUCC3 of soft soap, 

2 ounces of hog's laril, 

»2 quarts of gTun scnegul water, containing six pounds cf gtim lo a 
gallon of water. 
The sulphate of zinc is first dissolved in the hot 
water, and with tliis solution, while warm, the pipe- 
clay, soap, and lard are thoronghly incorporated. 
i mixture is cold the gum-water is added. 



I Such are the methods of obtaining a white figure 
t a blue ground by the resist style. To procure a 
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design in white and light blue on a dark blue ground, 
the cloth is first printed with the strong cupre- 
ous resist (No. 1), dipped in the blue-vat and 
cleaned, as if a white design only is required. After 
being dried, it is printed with the weaker resist con- 
taining sulphate of copper (No. 2), again dipped 
in the blue-vat to a lighter shade, cleared in dilute 
sulphuric acid and dried. 

A great variety of coloured designs on the same 
ground may also be obtained by combining with the 
resist, either one of the saline solutions capable of im- 
parting a mineral colour, or else the mordant for a 
colouring matter to be applied by the madder style. 

A design composed of yellow figures on an indigo 
ground, is very commonly and easily obtained by 
combining the resist with a salt of lead, and padding 
or wincing the cloth in a solution of bichromate of 
potash after being dipped into the indigo-vat and 
cleared. The successive operations to which a piece 
of calico is subjected in this kind of work are the 
following : 

1. Printing with the mixture of resist and salt of 
lead, which may have the following composition : 

1 gallon of water, 

3 to 4 pounds of sulphate of copper, 

1 pound of nitrate of lead, 

1 pound of acetate of lead, 

3 pints of a paste of precipitated sulphate of lead, 
6 or 6 pounds of pipe-clay, 

2 to 3 pounds of gum. 

2. Hanging for one or two days in a room having 
a rather humid atmosphere ; 

3. Dipping into the indigo- vat; 

4. Passing through dilute sulphuric acid ; 



CALICO-PEINTING PROCESSES. 405 

5. Steeping in water for half an hour, and wash- 
ing; 

6. Wincing in a dilute solution of carbonate of 
soda; 

7. Wincing in a solution of bichromate of pot- 
ash, containing five ounces of the bichromate per 

, piece of calico ; 

8. Wincing in dUute muriatic acid; 

9. Washing in water. 

To obtain a figure of chrome-orange instead of 
B^ome-yellow, the calico may be first treated as 
Pibove, and afterwards winced in hot nulk of lime 
^0 convert the chrome-yellow into chrome-orange. 

To procure a design in yellow and light blue on 
a dark blue ground, the cloth is submitted to the 
following operations : 

1. It is first printed with the mixture of sulphate 
copper and salts of lead for chrome-yellow, and 

on the parts to be light blue with a mixture of sul- 
phate of copper and acetate of copper, formed by 
mixing solutions of acetate of lead and sulphate of 
copper, allowing the mixture to settle and decanting 
the supernatant liquid ; 

2. After being dried, the cloth is dipped into the 
ildne-Tat for the dark ground ; 

' 3. It is nest passed through dilute sulphuric acid 
to clear the whites of the suboxide of copper, and 
washed in water; 

4. After being winced in a mixed solution of car- 

i^nate of soda and carbonate of ammonia, it is dipped 

Eb second time into the blue-vat for the light blue 

fof the figure, and then washed in water ; 
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1. 5b » Mlu^mM}Is wuMEsei m a sdaticn of U- 
ar^maie lif >)iaii&* jod c&qel JTKwn tkni^L ft 
r^stfm soxcimmir a «fai=™« rf mat ovace of oxftBc 
■rci uui tne }imi3e of joEpfaxrie aidd to tbe gilkm 

X isce^ra !mngir.HTng & fi^ixze of im buff on ft 
jr^nmi xf Tumrn ausx be sppSed to dodi lij a a- 
mlar -tminmnntia it :iae pid£Bg and lesst styles, 
ia& sD]»)iis rose btam^ mfrp*! with a sah of 
die ygnrrne if inn. Arsor tiie grooiid of indigo 
m JcmiififL :ais ^iLoca is ^figfttfr wasiicdr and then 
-▼nii-tid or 1 irarni .£Iiise sofaxncHi €f carbonate of 
swua i> ir^^iDitaie iTiiniai oxiie rf iron. A buff 
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lat'tiier nerini :f rn+ineing a o^Ionred figure on 
die jiiiiir' rr'uoii ii? ot trombinin^ with the resist 
m^of i auriiian d:r ;i T\?getable colooring matter, 
a» je i»ii:ile*i ':t ^e ziiidder strle, after the cloth 
3iki jeta iircei izro rhe iii'li£»>Tat. This kind of 
T^jr^ Tiicii i^^ 5Ti:?evfTrrDle c4' a great rariety of mo- 
iiiic^iacii^ is lifCLi-riisii^i as the lapis or lazulite 
srtutf^ rr:cii liie ^fseGlrLiJl«^^ of the calico thus printed 
lad ij'^i TvT tie Eiinertil lapis lazuli. It is also 

r» 'dcii:! i r^ figure on the indigo ground, the 
>^udi ::> Tir.atred with a resist paste composed, essen- 
r.uIN^ ;t r^ fe^uor* sulphate of zinc, and acetate of 



I This resist may be made of the Ibllowing materials, 
sed in the order in which they are placed : 
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No. 1. 

2 gallons of boiling water, 

6 pounds of aJmn, 

4 pounds of crude acetate of lead, 

4 ounces of challc, added in small quautit 

6 ounces of sulphate of zinc. 



lese materials having been thoroughly tncorporated, 
mixture is allowed to settle, and the clear su- 
pernatant liquid is decanted and mixed with acetate 
of copper and gum Senegal, thus : 



i 



No. 2. 
1 gallon of the aliove clear liquid, ^ 

3 DuncOH of acetate of copper, 
18 ounces of gum Senegal, 

E poundfl of pipc-c!a J, 

4 ounces of soft soap, and a little ground indigo for " eighteniug." 



>ne half of the liquid is well mixed with the acetate 
of copper, pipe-clay, and soap, and the gum seuegal 
is afterwards added, dissolved in the other half of 
the liquid. 

After being printed with this resist, the cloth is 
aged for two or three days, and then subjected to the 
following operations: 

1. Drawing by rollers once* through the blue- 
vat at 70° Fahr., made from the proportions of lime, 
copperas, and indigo mentioned at page 402, but 
with only eight hundred gallons of water ; 

2, Rinsing in water ; 

8. Dunging or hranning; 

4. Washing at the dash-wheel ; 

* If tlic clotli is exposed to the hlue-vat for some length of time, the 
\s inoniant is scpat&ted from the cloth by the lime in the vat. 



4U8 DTEDH; 15D C1LIC0-PKI5TIN6. 

5. Dremg in the madder-beck, with from two to 
tire poands of madder per piece ; 

♦). Ckaring by boiling first in bran-water and af- 
terwards in soap-water. 

To prctdnce a light red figure with madder, the 
resst may hare the following composition : 

A memsQttB of the sulphate of zine resist paste No. 3, page 403, 
1 measure of the mixture of red liquor and sulphate of zine 

made as ahove, 
I measure of weak peachwood hquor, 
1 measure of waio'. 

For two reds the cloth may be printed with the 
preceding mixtures at the same time by the two- 
colour machine, and be treated afterwards in the 
manner just described. 

To obtain merely a small black figure on the 
indigo ground the cloth may be dipped in the blue- 
rat to the required shade, and then be printed with 
the mixture for producing a topical black dye, such 
as |x^rnitrate of iron, copperas, and extract of log- 
wi»od (see page 360). But if the design includes 
fipires in red and white, the black forming a more 
vX'HsideniWe jx^rtion of the figure than a mere out- 
MiK\ it is Knter to mix iron liquor of S"" or lO"* Twad. 
with the cupreous resist and to dye the cloth in the 
:uauuer-beok. after having dipped it into the blue- 
^:i: to the pn>per shade. A great variety of pur- 
ple, 'il;ic. and chocolate tints may also be obtained 
a :ht: same ground, by combining with the cupre- 
u< resisr, either weak iron liquor or else mixtures in 
\a^Ku> :^D'ivrtions of iron liquor with red liquor, and 
•v^^ia^ in uiodder after the dipping in the blue-vat. 



To imp&rt to the blue ground a design in light 
blue, together with a colour capable of bang applied 
by the madder style, the doth may be trealtd as 
follows : 

1. Print with the white resist No. 1 (page 403) ; 

2. Dip into the blue-vat, wash, wince in dilute 
sulphuric acid, rinse in water and dry ; 

3. Print the mixture of the mordant with the 
cupreous resist on a part of the white figure pro- 
duced by the first resist; 

4. Dip a second time into the hlae-vat, to obt^ 
ajight blue on tlie parts not protected by the second 
resist, rinse in water; 

5. Dung, wash, and dye in the decoction of the 
dye-stuff, and afterwards clear by branning. 

If a white figure is required in addition to the 
above, the cloth is first printed with the strong 
white resist and dipped into the blue-vat as already 
described, and is afterwards printed on the protected 
parts, by the two-colour machine, if the design ad- 
mits, with the mixture of mordant and salt of cop- 
per, and also with a mild resist such as No. 2, page 
403. It is then dipped into the blue-vat and dyed 
in the usual manner. 

To procure such a pattern as the annexed (No. 
19), containing a design in orange, crimson, and 
white on a blue ground, the cloth is printed by the 
two-colour machine with the mixture of salts of cop- 
per and salts of lead (page 404) on the paits to be 
orange, Emd with a white resist on the parts to be 
crimson and white. After being dipped into the 
blue-vat and cleared in dilute sulphuric acid, it is 
winced in the following liquids: 1°, solution of cai'- 
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bonatc of soda; 2", solution of bichromate of pot- 
luli; aiid 3°, dilute muriatic acid. It is nest pas!«d 
(hrougli hot milk of lime to convert the chrome- 
jpIIow intt> cJinnnentrango, rinsed and dried, and is 
wards printed hy block on parts of the wJ 
iFthe mixtare for a topical or steam red or ci 
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following specimen (No. 20), exhibiting 
diviign in blue, yellow, green, red, and white on a 
dark chocolnto ground, was produced by combining 
the Ininilite style with a topical colour. This kind 
of work is distinguished as the " chocolate ground 
neutnd style." For such a pattern the cloth is first 
printed (cither by machine or block) with the white 
ri'sist,* No. 1, pagi' 403, on all the parts required to 
lie yellow and white; with the mixture of red liqi 
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• ir » TTTJ snwll or wcU-dclincil white figure is reqaired, the 
onii ntaM should lie mixi^d witli lime-juice and aulphurio ncid 
■ull>liBlr of piitwh, tu tvBJst Illl^ tnnriltmt in the cliticolatc resist, afkr- 
w&rdR ■p)>li«il OK B bluloh. Such « mixture is designated (not veiy itp- 
[itu|)niiltl)') tteulrei paile- 





e of anc, and achate of cc^i|ier, made as de- 
^ciibed at page 407, on the paits required to be red ; 
and with a mixture of iixm liqntu*, red liquor, sul- 
phate of copper, and soft soap thickened with pipe- 
clay and gum, for the chocolate ground or " blotch." 
After having been aged for a day or two the cloth 
is drawn once through the indigo-vat-, then washed, 
dunged, dyed in the madder-beck, and cleared by 
branning. Lastly, the mixture for a topical or steam 
yellow is applied by the block. 



A process referable to the resist style is that by 
which a white figure is obtained on a ground of fa- 
techu brown. On the parts to be preserved white, 
the cloth is printed with a solution of citrate of 
soda (such as that obtained by exactly neutralizing 
lime-juice with caustic soda) thickened witli a mix- 
ture of pipe-clay and gum; or else, what is pre- 
ferred, a mixture of sulphate of zinc, pijio-cliiy, anil 
gum. Such a resist may be priutetl on the ckitli 
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I)V I'lie mller of a two or three colour nuchme, and 
the raUrliu mixture (page 361) br another roll0', 
t»r if rtNjuired, two or three shades g€ the brown 
limy be applied by as manj rollers. The action 
<'i' l>uth of the^e resist pastes is .chieAj mechanical; 
l»ut the sulphate of zinc also acts bj precipitating 
the rutei'liu in solution, and thus preyenting its 
uccesH to the tibre of the cloth. 

'l*he same resist may be employed for preventing 
the AeiKisitiou of catechu on a coloured design pre- 
viously applied in madder colours. The specimen 
No. 8, page 361, is an example of such a combi- 
nation of the topical, madder, and resist styles. To 
produce this pattern, the cloth is treated as follows: 

1. l*rint by the two-colour machine with strong 
red liquor for the red, and with a mixture of iron 
li([uor with a little red liquor for the dark puce; 

2. Age, dung, and wash in the usual manner; 
.*{. Dve in the madder-beck; 

4. Clear ])y branning, &c., and dry; 

T). Cover all the figures thus produced, with a 
resist paste of sulphate of zinc, pipe-clay, and gum; 

(>. Ai)ply the catechu ground by a roughened roller, 
ami ayv^ lor a couple of days, previous to washing at 
the JiLsh- w heel. 

V red sluule may be given to the catechu ground 
h\ impre^uuiiu^ the entire surface of the cloth with 
\><.'ak red liquor, by a roughened roller, at the same 
liiiio as the strong ivd and puce mordants are applied. 
Iwu Muules ol' browu iux* sometimes imparted by ap- 
plMu^ lao weak red liquor to certain parts of the 
-li uuvl, lis lor iustance in broad stripes, the inter- 
\ cuing spacer having cat^'hu onl/. 
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of a ^^Beoscs^* n i. T^ob. a"n*«im- nmrciaiieE or 

ooloiiin^ nuessr zs&!^ lt ol iier niaromn l^^fbc^ xbe 

to resist ir maraiiiis- inn £s!iiiEri?3r5 fiir ci;i:«EnM: 
malenak sr»: :ci2ziiii£ frjiL cifersiir diasae cif cbe- 
mical sotggETQa wj'xjrznjs ii lit lissicre of xbe oiv 
louring maszsr 'K bt rsmn^i. Tiie ^aesaiifil pro- 
perty reqiEP^ii izi i -^riaz^isr if liffli c/ c-r^nveiT- 
ing the subsix^'y^ :cl liit diini izcK* -csciiflirless c** sta- 
ble products. wiirL iset Ut TSd-jv^i frc^m the doih 
so as not to im^^i^ vim liie Hil^equent apj^ation 
of a colouring msi^ri^ t^> t^ parts discharged. 

1. Dischargers for colouring matters. — The ma- 
terials used as di^hargers for regetable colouring 
principles are chlorine and chromic acid, the bleaching 
powers of which have before been alluded to (pages 
238 and 239). 

To effect the topical discharge of a vegetable oi>- 
louring matter by means of chlorine^ with the prtnlmv 
tion of a white figure, the dyed cloth is printod on 
those parts which are to be dischargeil, with a thick- 
ened acid mixture, the composition of whicli is vjunod 
according to the fastness of the colour to bo tlo^troyiHl, 
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:iiiti :ater being suspended to dry for a day or two, 
rhe •:iuth is <lniwn (by a pair of squeezing rollers) 
:tip.*u::» :i solution of chloride of lime not stronger 
loan > Twadjiell or 1*040. The calico should be 
c:LienUjed on pjlkrs whUe being drawn through the 
H;auu«.>n« uid ^jold not occupy more than two or 
tanse 3linl:te^ in its passage. The solution of chlo- 
( linhf is usually contained in a rectangular 
.^^ wwki lined with lead, of the following 
: six or eight feet long, three feet wide, 
^ad :\<2r or fire feet deep. As soon as the goods are 
taken :«t of the solution of chloride of lime, they are 
put ro soak in water ; after which they are washed 
cither at the dash-wheel or in the rinsing nuichine, 
and then dried. 

The chemical reactions which take place in this 
process are by no means complicated. Chloride of 
lime does not of itself bleach Turkey red and some 
' alior last colours immediately ; so that a cloth dyed 
with such colours may remain for some minutes in 
contact with a solution of chloride of lime without 
liny deterioration in colour. But the acid applied 
to certain pai'ts of the cloth combines with the base 
.>i' the chloride and liberates free chlorine, which 
'.xerts an instantaneous bleaching action on the 
W'g^itabie colouring matter on those parts of the 
clutii. Almost the only colours to which chlorine 
■;uii Ih; thus applied as a discharger, are Turkey 
rvd and other madder colours and indigo, as the 
:iiK.ix delicate colours are easily discharged by chlo- 
ride K)i lime alone. 

A wiute discharger adapted for all madder colours 
except Im'key red may be made by dissolving four 
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pounds of tartaric acid in a gallon of water, mixing 
this solution with a gallon of lime-juice of spec. grav. 
44° or 48° Twad., and thickening the mixture with 
pipe-clay and gum. 

The white discharger for Turkey red requires to 
be somewhat stronger than the above. It may be 
made by mixing four pounds of tartaric acid with a 
gallon of lime-juice at about 30^ Twad., and after 
thickening with pipe-clay and gum, adding about a 
pound of concentrated sulphuric acid, or two pounds 
of bisulphate of potash. 

In a particular style of work, the Turkey red is 
discharged by the direct topical application of chlo- 
rine, or rather of an aqueous solution of chlorine. 
It is in this way that the celebrated Bandana hand- 
kerchiefs, which have white figures on a dark ground, 
have been most successfully imitated by Messrs. Mon- 
teith of Glasgow. The style is only practised in the 
mantifacture of handkerchiefs. 

From ten to fourteen pieces of cloth, previously 
dyed Turkey red, are stretched over each other quite 
parallel, and passed together by portions at a time 
(proceeding from one end of the pieces to the other 
end), between two leaden plates, one of which is su- 
perimposed immediately over the other. Each of 
these leaden plates is cut completely through so as 
to leave hollow places on all the parts required in 
white on the red groimd. By means of a hydraidic 
press, the pieces of cloth are compressed between 
the leaden plates with a force of three hundred 
and twenty tons on the whole surface. While the 
^^oth is exposed to this immense pressure, an aque- 
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ous solution of chlorine (obtained by adding stil- 
phuric acid to a solution of chloride of lime) is made 
to percolate downwards throagh the pieces by the 
openings in the leaden plates. As the compressed 
state of the cloth prevents the imbibition of the 
liquid except by the parts opposed to the design 
on the lead, the solution passes on in a circum- 
scribed channel to the lower leaden plate, where it 
escapes and is conveyed away by a waste-pipe. 
The portions of cloth through which the liquid passes 
are entirely deprived of their colour. 

As soon as tlie chlorine solution is passed through, 
water is made to percolate in a similar manner to 
wash awiiy the chlorine, else the deiinition of the 
pattern would be impaired. The passage through 
the cloth of the chlorine solution and the water for 
washing is sometimes assisted by a pneumatic ap- 
paratus consisting of a large gasometer, from which 
a current of air is caused to proceed under a mo- 
derate pressure, and act in the direction of the 
liquid. 

When a considerable quantity of water has passed 
through the cloths, the pressure is removed and the 
pieces are washed and slightly bleached, whereby the 
lustre both of the design and ground is considerably 
increased.* 

After the production of a white figure on a co- 
loured ground by the application of the acid dis- 
charger and immersion in the solution of chloride 
of lime, coloured figures may be applied either to 

* A detailed nceount of this interesting procuss, by Dr. Ure, may be 
found ill the Journal of the Royal Institution for 1823. 
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the ground or to tlie white figure by grounding in 
topical colours by the hand-block. A common me- 
thod of imparting a coloured figure is by mixing 
with the acid discharger one of the two solutions ne- 
cessary for producing a mineral colouring material. 
For example, to impart a yellow figure to a piece of 
cotton dyed with Turkey red, such as the specimen 
No. 21, the cloth is treated in the following manner: 




1. It is printed by the machine with a chrome- 
yellow discharger composed of 

I gallon of lime-juice of specgmv, 20" Twad., 
6 pounds uf tartaric acid, 
4 pounds of nilrate of lead, with a mixture of 
Pipe-clay and gum as the thickener. 

2. After hanging for a day or two, the piece is 
passed through the solution of chloride of lime at 
8° Twad. 

3. It is soaked in water and then slightly winced 
in water. 

2 E 
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4. The piece is next winced for about a quarter 
of an hour in a solution of bichromate of potasdi 
containing from three to five pounds to the piece. 

5. It is lastly passed through, or winced in, di- 
lute muriatic acid, washed at the dash-wheel and 
dried. 

To obtain both a white and a yellow figure on a 
Turkey red ground, the dyed cloth may be printed 
with two acid dischargers, one intended for the pro- 
duction of the white figure, the other for the yellow 
figure. The subsequent treatment of the cloth is 
the same as above. 

To impart a blue figure to the same ground, the 
dyed cloth is printed with a mixture of soluble Prus- 
sian blue, permuriate of tin, and tartaric acid, after 
which it is drawn through a solution of chloride of 
lime. The Turkey r^i thereby becomes discharged 
and the Prussian blue fixed on all the parts where 
the above mixture had been printed. 

The only substance besides chlorine which can 
h} conveniently employed to effect the topical de- 
struction or removal of a vegetable colouring matter 
is chromic acid, which produces the decomposition of 
the colouring matter by virtue of its oxidizing power, 
the chromic acid becoming reduced to the state of 
gnvn oxide of chromium. The vegetable colouring 
principle best adapted to this kind of work is 
indigo. 

To obtain a white pattern on an indigo ground 
by means of chromic acid, the cloth is first dyed 
uniformly with indigo in the ordinary manner, and 
then padded with a solution of bichromate of pot- 
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E containing about five or six ounces per piece. 
r being carefully dried in the shade at the or- 
dinary temperature, the cloth is next printed with 
a discharger containing tartaric acid, oxalic acid, 
citric acid, and sometimes muriatic acid; and im- 
mediately after the impression it is winced in water 
intaiaing some chalk in suspension, then washed 
*■ the dash-wheel, passed through dilute sulphuric 
rad, and lastly washed in clean water. 
I The colour of the indigo on the cloth is destroyed 
mediately on the application of the acid discharger : 
x)mic acid is then liberated from the bichromate 
rough the superior affinity of the acids in the paste 
the potash, and the free chromic acid at once 
oxidizes and destroys the colouring matter. Indigo 
is almost the only substance which can be adapted 
to the chromic acid discharger, owing to the oxidizing 
action which the bichromate of itself exerts on vege- 
table colouring materials in general; hence the reason 
' for drying the dyed goods, after being padded 
ISith the bichromate, in a darkened chamb^ and at 

B ordinary temperature. 
\ To produce a yellow instead of a white figure, 
lie acid discharger may be mixed with a salt of 
^d: in other respects the process is the same as 



The following method of obtaining a white figure 
, dark green ground is an example of the com- 
J)inatioD of the madder style of work with the chro- 
gdc acid discharge style. 
1 1. Dip the cloth in the blue-vat to the desired 



PTmc An> ciUco-PftcmxG. 

i. Pftd IB m Buxtore of red fiqiicMr with bichro- 
cf pocatsii coatadnmg fire or ax ounces of the 
Uf yht gilkiiL and dir in the shade ; 
t. Prim the ckith, without bong washed, with a 
lEXSort c£ fime-juioe, snlpharic acid, and oxalic 



4. Pass the doth through a mixture of hot water 
find dialk. and dje in a deoocti<m of quercitron 



^ Wash and dear bj Iff^anning. 

In ihi§ process^ the mixture d lime-juice, std- 
jdmnc acid, and oxalic acid, not only liberates chro- 
mk add from the bichromate of pota^ but also 
dissviiTe^ the snbsiil{^iate of alumina deposited from 
xht red liquor: the parte on which this mixture is 
a^iiied do ikUt therefore become permanently dyed 
TeDow Kiien the doth is exposed to the decoction of 
onsrcjircai. 

The dischaj^ style is applicable to doths dyed 
vrri ii±Deral as well as with vegetable and animal 

1, A wiiTc^ firure may be produced on a ground 
;c Tru^iZL Wiae, by imprinting on the cloth a 
Tttfcsr^^ Cv'iLTAiiiiiir a caustic alkali (either potash or 
jviii k Slid passing the doth afterwards through 
& ii:ihit3Cin cf ciXidic acid. The Prussian blue is here 
twcimposed by the action of the alkali, affording 
Teli:»w pmssiate of potash, or prussiate of soda, 
nY.irii may be removed by washing, and peroxide 
iC :r:iT*, which is precipitated on the cloth, but is 
&fV< rwards disf^olveil out by the oxalic acid. 






A white figure oa a gronnd <^ manganese brown 
be very readflr obCtined br iinprintlng tbe cloth, 
being dyed brown in the ordinair manner (see 
390), with 8 slightly acid solution of proto- 
iride of tin of a specific graTity about 70'' or 
Twsd., or containing a poond and a half or 
poonds of the protochloride per gallon, accord- 
to the intensity of the shade of the manganese 
ground. The solution of protochloride of tin is 
thickened with about a pound of starch to the gal- 
lon. The peroxide of manganese on the doth is 
decomposed "by the protochloride of tin and convei'ted 
into protochloride of manganese, which being a very 
soluWe salt is easily dissolved out by washing, leav- 
ing the parts white, or nearly so, on which the salt 
of tin had been applied. Peroxide of tin is formed 
at the ssune time, and remains for the most part at- 
tached to the cloth, but being white, it does not 
vitiate the pattern, and if required, may be made 
subservient to the application of the colouring prin- 
ciple of a vegetable dye-stuff, as peachwood, quer- 
citron, or logwood. As most acidulous mordants are 
capable of removing the peroxide of manganese and 
inserting their own bases instead, a great variety of 
coloured designs may be applied to the manganese 
ground by afterwards dyeing such goods in vai-ioua 
e-becks. 

To impart a design in white, blue, and yellow on 
<3ie bronze ground (such as the specimen No. 15, 
page 390), the cloth on which the manganese hns 
been raised may be printed with the salts of tin for 
white; with a mixture of bciTy liquor, uluui, and 
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salts of tin for the yellow; and with a mixture of 
salts of tin, pmssiate of potash, pemitrate of iron, 
mnriatic acid and British gum, for the blue spots. 
The colour of the latter mixture is at first greenish- 
white, but it changes to blue on exposure to the 
air. 

A design in different shades of red and pink may 
be conmiunicated to the same ground by means of 
a mixture of peachwood liquor or cochineal liquor 
with alum, perchloride of tin, and protochloride of 
tin, thickened with gum tragacanth; and a mixture 
of logwood liquor, with alum and the two chlorides 
of tin, thickened with starch, may be Used for im- 
parting different shades of purple and violet to the 
same ground. 

A figure in chrome-yellow may be produced on a 
ground of manganese bronze by printing on the dyed 
doth a discharging material composed of tartaric 
acid, nitrate of lead, and salts of tin. After the cloth 
is dried, it is passed, first, through lime-water, then 
through a solution of bichromate of potash, and af- 
terwards through dilute muriatic acid to brighten 
the yellow. 

3. Protochloride of tin, when mixed with sul- 
phuric and tartaric or oxalic acid, is also used as 
the discharging material for chrome-yellow and 
chrome-orange. The discharge of the chromates of * 
lead is effected, in this case, by the reduction of the 
chromic acid to the state of green oxide of chromium, 
which forms soluble salts with the acids. 

A variety of coloured designs may also be applied 
by combining with the discharger, the materials for 
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the production of a topical coloni'. Thus, a blue 
figure is sometimea produced by printing on the 
orange or yellow cloth a mixture of the two chlorides 

of tin, PiTissian blue, and muriatic acid; a violet 
figure, by logwood liquor mixed with alum, tartaric 
acid, protochloride of tin and starch; and a red 
or pink figure, by a similar mixture containing peach- 
wood liquor instead of logwood liquor. 

Another material which may be used for dis- 
charging chrome-yellow and chrome-orange, with a 
view of producing a white figure, ia a strong caustic 
alkaliue solution, but protochloride of tin will ge- 
srally be found more convenient and more effec- 



y 4, A white figure on a ground of iron buff (page 
188) is obtained by applying to the coloured 
rth a mixture of tartaric and oxalic acids with 
e-juice, thickeuecl with pipe-clay or China-clay 
*ftnd gum. The acids dissolve the peroxide of iron, 
and the figure is obtained perfectly white by wash- 
ing. The readiest way of discharging the iron is 
to apply the acid mixture after the cloth has been 
padded in the iron liquor, and before it is exposed 
to the alkaline solution to precipitate the peroxide. 
A solution of protochloride of tin in a dilute acid, 
thickened with starch, is also sometimes used as a 
white discharger for iron buff; and for producing 
coloured designs, the protochloride may be mixed 
nth perchloride of tin and either logwood liquor, 

ichwood liquor, or berry liquor. 
f The following method of producing white and 
T-coloured figures on a dark green ground is an 



I 
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example of the combination of such a process as the 
above with the resist style. 

1. The cloth is printed with the white resist for 
the indigo-vat (No. 2, page 403); 

2. It is dipped into the blue-vat, rinsed, and 
dried; 

3. It is padded with rather weak iron liquor and 
aged; 

4. A solution of tartaric and oxalic acids in lime- 
juice, thickened with pipe-clay and gum, is applied 
by the block to parts of the buff spots ; 

5. The cloth is washed in water holding chalk in 
suspension to remove the acid paste ; 

6. It is lastly winced in an alkaline solution, to 
raise the buff, and then washed. 

The white figure is here produced by the discharge 
of the salt of iron from parts of the spots on which 
the indigo had been resisted; the buff figure is the 
remainder of those spots, and the dark green ground 
results from the mixture of the indigo with the buff. 

2. Dischargers for mordants. — Another method 
of producing white or coloured figures on a co- 
loured ground, referable to the discharge style of 
work, is by the removal of the mordant previous to 
the application of the colouring material. This 
method is particularly adapted to grounds of mad- 
der and logwood with an iron or aluminous mordant. 
The material used for the discharge of the mordant 
is usually a mixture of tartaric acid, oxalic acid, and 
lime-juice, the proportions of the constituents being 
varied according to the strength of the mordant 
to be discharged. The following mixture may be 
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for discharging the mordant from a piece of 
3oth impregnated with red liquor of spec. gray. 7° 
Twad. or weaker, or with iron liquor of spec. grav. 
2° Twad. or weaker : 



^Soic 



c. grav. 6" Twad., 



TliickeDed with pipe-clay and ^m if fi 
with British gum if by the ruller. 



applici 



n by tlic bluck. 



Sometimes the proportion of tartaric and oxalic acids 
and the strength of the lime-juice are considerably 
reduced, and bisulphate of potash, oil of vitriol, and 

(•earn of tartar are introduced instead. 
The ordinary operations practised on calico in this 
yle of work to obtain a white figure are the fol- 
wii 
1- 



■wing : 



' 1. The cloth is padded or printed with the solu- 
tion of the mordant for the ground, and is imme- 
diately dried by being drawn either through the hot- 
^^ue or over steam boxes ; 

^m 2, After a moderate ageing, the calico, ivithout 
Hning washed, is imprinted by the roller with the 
discharging paste, which immediately dissolves the 
subsalt formed during the ageing ; 

3. The calico is next suspended for a day or two 

1 a cool place, not very dry, and if the mordant is 
iroxide of iron, it is then passed through water 
leated to about 130° Fahr. and rendered slightly 
inline by the addition of a small quantity of car- 
nnate of soda;* 

ssiag of tiie cloth tlirougt a dilute solution of carhonatu of 
ffi omitted, particularly when alumina in thi^ murdarit, in 
a quantity of chalk is added to tlio diiiig-bccl: to neutralize 
tbc fiec Hcid in the disehiirger. 



r 



^ 
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4. The cloth is afterwards washed, dunged, and 
dyed in the vegetable infiision; after which it is 
cleared by soaping or bronning and winciog in so- 
lution of chloride of lime in the usual manner. 
Wherever the acid paste had been applied, the co- 
louring material docs not attach itself, in consequence 
of the removal of the mordant from those parts. 

It will be observed that this kind of discharge 
work is very similar to the resist style, in which an 
acid paste is first imprinted ou the cloth to prevent 
the attachinout of a mordant subsequently applied 
to the whole surface of the cloth (see page 395); 
thti only diflerence between the two styles consist- 
ing in the order of applying the acid and the mor- 
dant. The best whites are no doubt generally 
prwtired by the resist style; as it is easier for an 
add to prevent the attachment of a mordant in an 
iitsolnbte form, than to dissolve it, when once pre- 
cipitated. 

To procure a white design on a black ground, such 
as the annexud specimen (No. 22), by the discharge 
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of the mordant, the cloth may he treated in the 

Jlowing manner : 

f 1. Pad or print the calico with a mixture of equal 
isurea of iron liquor of spec. grav. 6° Twad., and 
i liquor of 8° Twad., thickened with starch or 
igum; 

^2. Dry over the steam boxes, age, and apply a 
Kjharger composed of tartaric acid, sulphuric acid, 
I lime-juice, thickened with British gum ; 

1 3. Pass the cloth through warm water mixed with 



K 4. Dye in decoction of logwood, mixed with a 
little bran and dung ; 

5. Wash, clear the white by branning, rinse and 



r 



The following method of producing white and blue 
figures on a purple or chocolate ground presents 
an example of the combination of such a style as 
the above with the indigo resist style : 

1. The white calico is padded with red liquor; 

2. After the cloth has been aged for a short time, 
the thickened acid discharger is applied by the 
cylinder to all the parts intended to be blue or 
white; ■ ^ ^aa^jm^a^^i^Ktt^ 

3. After hanging for twenty-four hours, tlic calico 
is dunged, dyed in *he madder-beck, and ckamd by 
branning ; 

4. On the parts of the white spots which ;tre in- 
tended to remain white, tlie sulphate of ziuc. resist 
for the iiidigo-vat, such as the mixture disi'.ribed 
at page 4U3, is imprinted j 

5. After" the cloth is dried, it is dipped into the 
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blue-vat and exposed to the air ; then washed at 
the dash-wheel, and dried. 

The white figure is here produced through the 
discharge of the aluminous mordant by the acid, 
and by the action of the sulphate of zinc resist on 
the indigo : the blue figure is produced by the indigo 
on the white spots to which the resist was not ap- 
plied, and the purple or chocolate ground results 
from the mixture of the indigo with the madder 
red.* 

A discharger for one mordant is sometimes mixed 
with the solution of another mordant on which it 
exerts no action, so that the mordant in the dis- 
charger becomes attached to the cloth, on the spots 
from which the previous mordant is removed. Thus, 
subacetate of iron may be separated from a piece 
of calico, and alumina imparted in its place, by 
applying to the mordanted cloth a mixture of red 
liquor with protochloride of tin. In this manner, 
a red figure on a violet or lilac ground is some- 
times produced, the cloth being first covered with 
weak iron liquor, then dried, printed with the mix- 
ture of red liquor and protochloride of tin, dunged, 

* A simpler and better method of obtaining the same effect is by the 
" chocolate ground neutral style," the principle of which is described at 
page 410. The cloth is first printed with the white cupreous resist 
(mixed with a free acid, when a very well defined figure is required), 
and afterwards with the chocolate resist (page 411) for the ground, the 
parts required in blue being left white. The cloth is then aged, drawn 
once through the blue-vat, washed, dunged, dyed with madder, and 
cleared by branning. This interesting style of work is very little prac- 
tised at present, it being superseded by the cheaper but much less per- 
manent steam blue and steam sapan chocolate, of which a specimen is 
introduced at page 374. 
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dyed in the madder-beck, and cleared in the usual 
manner. To obtain a white figure as well as the 
red, the mordanted cloth should he also printed with 
lemon-jnice, or with a mixture of lemon-juice and 
sulphuric acid. 

The use of a mixture of protochloride of tin and 
red liquor as a red resist for iron liquor, with the 
view of producing the same effect, has before been 
adverted to (pp. 397, 398). One of these two pro- 
cesses is almost always followed whenever a figure 
in madder red is required on a ground of madder 
purple or black. 



In a few ingenious processes related to this kind 
of work, for producing coloured figures on coloured 
grounds, an acid solution of protochloride of tin is 
applied as a kind of discharger to a cloth dyed uni- 
formly with peachwood, quercitron or madder, by 
means of an iron mordant. 

By mutual decomposition, the protochloride of tin 
in the discharger and the peroxide of iron on the 
cloth give rise to chloride of iron and peroxide of 
tin, or rather, the oxide of tin intermediate be- 
tween the protoxide and peroxide. The chloride of 
iron, being soluble, is removed by washing, but the 
insoluble oxide of tin remains attached to the fibre, 
and combines with the colotiriug principle previ- 
ously united to the oxide of Iron. This double de- 
composition of oxide of iron and protochloride of 
tin may be made subservient to the production of 
a red figure on a black ground. For this purpose 
the cloth is first covered with iron liquor, then 
dyed to a black in decoction of peachwood, and af- 
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terwards printed with tke acid solution of the pro- 
tochloride. Wherever the salt of tin is applied, 
the colour of the cloth changes firom black to red, 
through the transference of the colouring principle 
of the peachwood from oxide of iron to oxide of tin. 
In a similar maimer, a red figure may be obtained 
on a ground of madder purple or lilac, and by sub- 
stituting quercitron for madder or peachwood, a yel- 
K>w figure is produced on a drab ground. The iron 
liquor employed in these processes should not be 
stronger than 3"* or 4** Twad. 



6. CHINA BLUE STYLE. 

The style of calico-printing by which the China 
blue prints are produced is an interesting modifica- 
tion of the topical style. These prints are distin- 
jnushtxl by having blue figures, usually of two or 
thrw different depths of colour, associated with white, 
as the s^Hvimen No. 23. 

To prvxluce such a pattern, the bleached calico is 
subjivteil to the following operations. It is first 
printovU either by the block or cylinder, with a mix- 
tmv of indigo, orpiment (sulphuret of arsenic), sul- 
phi\to of irv^n or iron liquor, gum or starch, and 
xratt^r ; the projx^rtions of gum or starch and water 
being vjvriiHl aoconling to the depth of colour required. 
AtYvr being printed, the calico is suspended in a dry 
^tuHxijiphore for a day or two, and stretched in per- 
^vuvlicular folds on a rectangular wooden frame, sus- 
^x^uvUxl by pulleys and a rope from the ceiling of the 
^l^arttth^nt* The frame with the cloth is then dipped 




in a certain order into the three following liquids: 
No. 1, milk of lime; No. 2, solution of copperas; 
No. 3, solution of caustic soda. These liquids are 
contained in three adjacent stoue cisterns, the tops 
of which are on a level with the ground : the usual 
dimensions of the cisterns are, eight or nine feet in 
lengtli, four feet in depth, and three feet in width. 

Into the vats No. 1 and No. 2, the calico is dipped 
several times alternately, with exposure to the air 
for a short time between each dip ; it is not dipped 
so frequently into the vat No. 3, and the dipping 
in this always immediately follows No. 2. By these 
operations, the insoluble indigo-blue applied to the 
surface of the cloth becomes converted into indigotin 
which is dissolved and transferred to the interior of 
the fibres, where it is precipitated in the original in- 
soluble form. 

The chemical changes which take place in these 
xessive operations are rather complicated, but ad- 
ait, nevertheless, of a satisfactory explanation. By 
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the successive immersions in milk of lime and so- 
lution of sulphate of iron, protoxide of iron comes to 
be precipitated on the surface of the cloth. This 
protoxide of iron, with the assistance of the lime, re- 
acts on the indigo imprinted on the calico, convert- 
ing it, through the intervention of water, into in- 
digotin, which dissolves in the lime-water, and the 
solution is. absorbed into the pores of the cloth. 
On exposure to the air, the indigotin absorbs oxy- 
gen, and insoluble indigo-blue is deposited within 
the fibre in a fixed state. The protoxide of iron 
produced in the subsequent alternate immersions into 
the sulphate of iron vat and into the lime- vat, acts 
only on the indigo which still remains on the surface 
of the calico, not having free access to the indigo 
within the fibre; and as the alternate dippings are 
continued (up to a certain number), so the propor- 
tion of indigo on the surface diminishes, and that of 
the indigo within the fibre increases. 

The orpiment contained in the pigment printed 
on the cloth seems to act chiefly by increasing the 
density of the mixture, thus preventing its ready 
disintegration and removal by the various liquids to 
which the cloth is exposed. It also assists, probably, 
in deoxidizing the indigo-blue in conjunction with 
the lime. 

By these operations the whole surface of the cloth 
becomes impregnated with a considerable quantity of 
oxide of iron, to remove which, the cloth is plunged 
(being still on the frame) into a fourth similar cistern 
containing sulphuric acid of about the spec. grav. 
5° Twad. (1-025.) It is afterwards washed in clean 
water, and then again brightened in dilute sulphuric 
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acid. Lastly, tiie clearing of the white ground is 
sometimes completed by exposing the cloth to warm 

soap-water. 

The following method of preparing the China blue 
mixture of different shades is described by M. Thil- 
laye, in his usefiil work on calico-printing.* The 

I materials employed are, 
^ 15 j pounds of indigo, in coarse pow dor, 

■ 3j pounds of orpiment, 

L S2 pounds of Fopperas, and 

r 9 J gallons of water, or water and gum-water. 

' The indigo, orpiment, copperas, and four gallons 
and a half of the water are well ground together in 
a mill for three days ; the mass is then removed, and 
the mill is washed with a gallon of water which is 
added to the mixture. The remaining four gallons 
of water are afterwards added; but if a very thick 
blue is required, as much strong gum-water is intro- 
duced instead. From this mixture, which may be 
called No. 1, several lighter shades are procured by 
diluting it with water or gum-water in the following 
order : 



lailer or gum-witei: 
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To produce a small single blue figure, the mixture 
No. 5, thickened with starch, may be applied by 
the block, and No. 4, thickened with gum, by the 
roller. 

For two different blues, applied by the block, there 
may be used, 1% the mixture No. 4, thickened with 
starch ; and 2% No. 9, thickened with gum. 

For three different blues, applied by the block, 
there may be taken, 1% the mixture No. 5, thickened 
with starch; 2% No. 7, thickened with starch; and 
3*, No. 10, thickened with gum. 

The mixture described by M. Thillaye is not ex- 
actly the same as that commonly employed in this 

ters generally use iron liquor, and British gum instead 
of common gum ; they also take little more than hrff 
as much orpiment as is directed in the receipt of 
M. Thillaye. The following proportions of the ma- 
terials will probably be found to form a conyenient 
mixture : 

16 pounds of ground indigo, 
5 or 6 gallons of strong iron liquor, 
2 pounds of orpiment, and 
British gum and water sufficient to make 8 gallons. 

When required for use, this mixture, which con- 
tains two pounds of indigo to the gallon, may be 
diluted with water or gum-water in the order fol- 
lowing : 



1 a 'f* ^ i (/) 

4 11 1 ^.. ._,_ H »^) 

S 11 ± . ^ »i» D/^^ 

9 1 5» ..................... 'i^ 3% 

10 a ..,» 12 ... '4^ ^ 

11 1 1« ..... %^ ^ 

The daikest: of the two sha^db^ tadf bhone in td^ :$|ie^ 
dmen of this style df jpinting (psige 431) w;»s proK 
duced finom a mixture oimtainiiig: cme prand of iiid)^i» 
to tiiie galloii (as Xo. 4), and the Iightier ft^dm ^ 
mixtnie cantainiiig three ounces of indigo to the gdl- 
Ion (No. 9). Botli were thickened with two pounds 
of British gam per gallon, and weie applied at onoe 
by the two-colour machine. 

The milk of lime fi)r dipping China Uue prints 
may be prepared by mixing two hundred pounds of 
lime with a thousand gallons of water. When in 
constant use, the lime-yat requires to be replenishtHl 
twice daily, both with lime and water. 

The strength of the solution of copperas is varitHl 
from 3i° Twad. (1-017) to 6" Twad. (1-030), H 
being regulated more by the quantity of the figure 
in the pattern than by the depth of colour required. 
The kind of copperas generally preferred for this 
purpose is that technically known as " green cop- 
peras/' which contains a small quantity of free sul- 

2 p 2 
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phuric acid. The superiority of this variety of cop- 
peras merely consists in the comparatiye slowness 
with which it becomes peroxidized or " rusty" by 
exposure to the air. The copperas-vat does not re- 
quire replenishing quite so frequently as the lime-vat, 
and the cistern need not be emptied for six months 
or longer. The bottom and sides of the cistern be- 
come lined with a dense crystalline deposit of oxide 
of iron and sulphate of lime, as hard as the cistern 
itself. 

The strength of the solution of caustic soda may 
vary from 6° to 9^ Twaddell (1-030 to 1-045). 
It is made in the usual manner by carbonate of soda 
and quick-lime. 

The order of dipping the frame into the three 
cisterns is as follows : 

1. Dip in the first vat (lime) for ten minutes. 
Drain for five minutes. 

2. Dip in the second vat (copperas) for ten minutes. 
Drain for five minutes. 

3. Dip in the first vat for ten minutes. 
Drain for five minutes. 

4. Dip in the second vat for ten minutes. 
Drain for five minutes. 

5. Dip in the third vat (soda) for ten minutes. 
Drain for five minutes. 

6. Dip in the second vat for ten minutes. 
Drain for five minutes. 

7. Dip in the first vat for ten minutes. 
Drain for five minutes. 

8. Dip in the second vat for ten minutes. 
Drain /or five minutes. 
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►19. Dip in the first vat for ten minutes. 

3rain for five minutes. 
10. Dip in the second vat fi)r ten minutes. 
Drain for five minutes. 
B^l. Dip in the third vat for ten minutes. 
^B Drain for five minutes. 

^|t The addition of a small quantity of nitrate of lead 
^nto the China blue mixture, when iron liquor and not 
copperas is used, is said to impart considerable viva- 
city to the colour ; but I am not aware of its being 
usual to make this addition, unless with a view of 
producing a green instead of a blue design, when the 
cloth, after having been dipped as above and cleared 
in dilute sulphuiic acid, is winced in a solution of 
bichromate of potash in order to produce chrome- 
yellow. This is by no means an advantageous pro- 
cess for obtaining a green figure in the China blue 
style, as the lime and soda vats are apt to become 
so highly charged with oxide of lead as to deposit 
that oxide on the white parts, which consequently be- 
come yellow when the cloth is exposed to the bi- 
chromate. A better method is to add red liquor and 
perchloride of tin to the China blue mixture, and 
to dip in the three vats in the usual manner; after 
which the cloth is cleared in very dilute sulphuric 
acid, dyed in decoction of quercitron mixed with 
size, cleared by branning, and lastly, winced tn a 
dilute solution of alum to brighten the green. 



¥ 



Printing of mousseliii de larnes, silks, chalis, 
&c. — The fixation of colouring matters on fabrics of 
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silk and wool is commonly effected by the, process of 
steaming. No mineral colouring material, with the 
exception of Prussian blue, is applied to these tissues; 
nor is it usual to impart to them colouring matters 
from infusions of v^etable or animal productions by 
the madder style, except in a few difficult processes 
of silk printing. These fabrics were formerly printed 
entirely by the block, but latterly the roller and the 
press-machine (page 341) have been substituted. 

The colour mixtures for de Ic^ines, which are 
formed of cotton and wool, should be of such a na- 
ture as to afford an uniform deposit of colouring mat- 
ter on both the animal and vegetable fibre. These 
mixtures are sometimes composed of two distinct 
bases, one capable of attaching itself firmly to the 
wool, the other to the cotton. Thus, a preparation 
sometimes used for imparting a blue colour to de 
laines, is a mixture of the steam blue for cotton (see 
page 374) with indigo-paste or soluble blue (sulph- 
indigotate of potash) for the wool. In a particular 
kind of fancy dyeing, the woollen thread only is dye3, 
and the* cotton is afterwards perfectly bleached by 
exposing the dyed de laines to a dilute solution of 
bleaching powder. The cotton thread is sometimes 
dyed of another colour, either before or after the dye- 
ing of the woollen thread. Before being printed, de 
laines are always impregnated with peroxide of tin, 
from two different solutions applied consecutively as 
already described (see page 261). The steaming of 
the printed de laines, which is performed either by 
the column or chamber, usually lasts about three- 
quarters of an hour; but the time varies according 
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I|io the quantity of acid in the mixtures, and to the 
|ttianner in which the steam is applied. With a con- 
inderahle quantity of acid, the fibres become weakened 
if the process is prolonged, and a shorter time is re- 
quired with the column than with the chamber. 



In general, the only difference between the com- 
wsition of the mixtures for steam colours for woollen 
■goods and those for cotton goods (page 368) is that 
the former contain more free acid than the latter, 
or that the colouring matter is held in solution more 
strongly in the former than in the latter. Whether 
iie mordant is perchloride of tin, protochloride of tin, 
r alum, a considerable quantity of tartaric or oxalic 
*acid is almost always introduced. The most vivid 
colours ai'c generally obtained by protochloride of tin, 
with either oxalic or tartaric acid. 

The brilliant steam blue distinguished when on 

^roollen goods as " royal blue," is formed through 

"^the decomposition of hydroi'errocyanic acid, as before 

explained. The composition of the mixture printed 

on the cloth is much the same as the steam blue for 

cotton (page 374), but is more concentrated, and 

perchloride of tin is introduced instead of alum. The 

^-Solution of yellow pnisslate of potash, which should 

^ptmtain not less than three pounds of the prussiate 

Hbi a gallon, is mixed with sufficient tartaiic acid to 

precipitate the whole of its potash as hitartrate of 

potash (cream of tartar), which may be separated and 

1 in the preparation of tartaric acid. 

The best mixture for a steam scarlet for woollen 

jods, is made of cochineal liquor, gall liquor, pro- 

(chloride of tin, and oxalic acid. It may be thick- 
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ened with gum, if for blotches or grounds; and with 
starch, if for . small figures. The best mordant for 
producing different shades of yellow with berry liquor 
is a mixture of alum and red liquor ; and with decoc- 
tion of quercitron bark, a mixture of red liquor and 
oxalic acid, or else alum alone. 

The only preliminary operations to which silken 
cloth intended to be printed, is commonly subjected, 
are, 1% boiling in a solution of soap and carbonate of 
soda to remove the "gum;" 2% passing through 
dilute sulphuric acid; and S% washing and drying. 
Some printers recommend the steeping of the silk in 
a solution of alum, after it is taken out of sulphuric 
acid, but this is by no means a common practice. 
The processes for printing and dyeing silks according 
to the madder style, are very similar to those for 
cottons: the thickened mordant is first applied; the 
piece is then di-ied, aged for a couple of days, winced 
in bran-water, dyed in the hot vegetable decoction, 
and cleared by being winced in boiling bran-water. 
In some styles of work, the silk is afterwards soaped, 
impregnated with a solution of tin, and, lastly, passed 
through very dilute sulphuric acid. 

The madder style of printing and dyeing is rather 
difficult of execution on silken cloth, and is conse- 
quently not much practised on this variety of textile 
fabrics. The common method of ornamenting silk 
with different coloured designs is by means of steam 
coloui-s, a great variety of which may be imparted 
of sufficient fixity to bear all ordinary exposure to 
deteriorating influences. With the exception of the 
preliminary operations previous to the application of 
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the colour-mixture, the treatment of silks in this 
style of work is the same as that of cottons. 



A remarkable style of printing and dyeing is 
largely practised on silken and woollen goods, which 
possesses not the smallest resemblance to any one 
of the varied processes to which cotton goods are 
subjected. This is the mandarining style, by 
which a yellow or orange colour may be communi- 
cated to the silk or wool by exposing the stuff to the 
action of nitric acid. The colour proceeds from a 
peculiar substance formed through the decomposition 
by the acid of a portion of the fibre of the cloth itself. 
On the pai'ts intended to be preserved white, the con- 
tact of the acid with the cloth is prevented by the 
application of a resist paste composed of resin and 
suet. 

Taking, in the first place, the simplest illustration 
of this style of work, that is, the production of a 
white design on an orange ground, the operations 
practised on the cloth are the following. 

The silk, having been first cleaned from its resin- 
ous coating in the usual manner, is printed on the 
parts which are to remain white with the fatty resist 
of resin and suet. A quantity of this mixture is 
kept in a melted state near at hand, and a portion 
is occasionally laid over a piece of woollen cloth 
stretched on a frame which forms the top of a copper 
chest. Steam is admitted into the chest by a pipe 
in order to preserve the resist in a liquid state. 
Wben the silk is ready to receive the resist, the 
printer heats his block, takes up some of the resist 
from the frame, and applies it immediately to the silk 
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by a light blow with a mallet. The Uock is instantly 
removed, to prevent it from adhering to the silk* 

When the printing of the^whole piece is completed, 
the silk is passed throng dilute nitric acid, obtained 
by adding frt>m one to two parts of water to one 
part of aquafortis of commerce; the acid is heated 
as high as possible without endangering the solidity 
of the resist paste, the melting of which would evi- 
dently be attended with serious inconveniences. The 
silk should not remain in the acid longer than one 
minute. 

The nitric acid is contained in a sand-stone or an 
earthenware trough, which is placed within a copper 
or wooden box to serve as a water-bath: the heat 
applied is that of steam. A reel is placed on each 
side of the trough to guide the silk as it enters and 
leaves the acid. 

On being withdrawn from the acid, the silk is im- 
mediately washed in a stream of cold water; after 
which, the resist is cleared away, and the orange 
brightened by wincing the silk in boiling soap-water 
to which a little soda is added. The piece is lastly 
washed in cold and hot water successively, and dried. 

Such is the method of obtaining a white figure 
on an orange ground. Coloured figures are obtained 
in this style of work by a variety of ingenious and 
elegant processes, applicable, like that just described, 
to chalis as well as silks. One or two examples will 
suffice as illustrations. 

White and blue figures on an orange ground may 
be procured in the following manner. The piece is 
first printed with the resinous resist, to preserve the 
parts which are to remain white from contact with 
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the acid. It is next dyed blue in the indigo-vat 

in the ordinaiy manner, washed and dried, and the 
resist is then printed on those parts which are to 
remain blue. The next process is the mandarin- 
ing or passing through the nitric acid; by which 
the indigo is destroyed on all parts of the cloth 
except where the resist is applied, the cloth thus 
acquiring a ground of orange. The piece is lastly 
washed, and the orange brightened by a boil in soap- 
■ater with a little alkali. 
An orange ground having been applied to the 
■cloth by such a process as the preceding, the colour 
of the ground may be afterwards modified or com- 
pletely altered by dipping the cloth in some dyeing 
liquid, the figures being still protected, if necessary, 
by the resinous resist. For example, a design in 
white and blue figures on a green ground may be im- 
parted to a chali by simply dipping the piece, after 
having been treated as above for blue and white 
figures on an orange ground, in the blue-vat, pre- 
vious to the removal of the resinous resist from the 
blue and white figures. White, blue, and orange 
figures on a green ground may be obtained by im- 
printing the resinous resist on the silk or chali 
after the mandarining process, and before the second 
immersion in the blue-vat. 

An orange figure on a blue ground is sometimes 
produced by printing the nitric acid thickenexl with 
British gum upon the cloth previously dyed in the 
blue-vat. The piece is afterwards exposed to the 
action of steam, and is lastly boiled in soai>-water to 
brighten the orange. 
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Superficial as the preceding account of calico- 
printing processes may and must appear to those 
who are acquainted, both practically and theoreti- 
cally, with all the details of this beautiful art, it 
will probably be found sufficiently minute and exact 
to substantiate the claim of calico-printing to be 
considered not only one of the most important, but 
the most ingenious and refined of all the chemical 
arts. From the great variety of processes and of 
materials employed, ahnost every principle in the- 
oretical chemistry receives an application or illustra- 
tion in some one or other of the operations of the 
calico-printer. It has thus happened " that several 
interesting discoveries in theoretical chemistry, made 
in the experimental laboratory, have actually been 
anticipated by the printer, from observations made 
in the print-works and dye-house. 
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London i., 18-23, 44; and 


ing wood, 195. 


atth 


e proaont tiini!, 45. 


„ use of oxide oi; for preaerving 


Coal-napblha, co 


raposition and luea o^ 


wood, 195. 


34, 95. 




„ UM of salts of, for tpaialing 


Ccal-oa. 94. 




iadigo,400. 


Coal-tar. 3H, 94, 


95, 148. 


„ use of the sulphate of, for pre- 


O^cinollio, 249. 




aerving wood, 1 89. 


Ccchmeal, 219. 




Copperas, uae of; in purifying coal-gas. 




89. 


Cock^ur flame. 


110. 


CorTOsive subUmnte, nso of, in preaerv- 




it 96. 


ing wood, 185, 199, 318. 




Cotton, bleaching of, 259. 


„ aatnreof. 


245. 










tissues, 342. 


193. 




disclurgerBfor,413. 


Cudbear, 248. 




form ■.■ompounda of 


Cylinder printing, 336. 




different colonrs 


capabilities of, 231. 






inyenlionof,231. 




mordanls, 374. 


Cylinder printing machine for iiencdl- 


" 


of Tegetable, 233. 


blue. 367. 


" 


general propertieB of 
vegelablCaaa. 


D. 






Dath-wheel,319. 




wood, 213. 


Davy lamp, 59. 




listofTegelableand 


Decayofwood, 151; causes of tbo,175. 




anhnal, 247. 


182. 




minetBl, how applied 


„ a process of oiidntion, 




todolh,263,383. 


175. 




mostly deriicd from 






TCgetaliles. 233. 






oiganic, diviaion of; 


De laines, bleaching of, 2(i0. 




343. 


„ printing of, 431i. 




organic, how applied 


Deririn,345iprodiioedfrDmlignin,166. 




to tiasuea, 243. 


Discharge, chlorina, 413, 41 4. 




reaiiU for, 399. 


Discharge of indigo by chromic aeid. 




Tegetable, action of 


418. 




chromic acid on. 


„ atyla, 413. 




339. 


„ aljle, principle of, 333. 




vegQtable, action of 






chlorine on, 23S. 


forcDlonringmattera,413, 




YBgeable, a.:^™ of 


„ for iron bufi, 4-23. 






„ formanganese brown, white 




on, 239. 


andcoloared,431. 




vegetable, eolourles, 


(or Prussian Uue, *30. 




bs»» of, 240. 


DiKhargers for chrome-yellow and 




vegetuhle, tombina- 


chrome- orange, 423. 




tiona of, with 


„ for mordants, 42*. 




alumina, &c., 


Doctor, colour, and Unt, 337. 




23e. 


Drying machine, aleani, 325. 
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Dry flat meter, 142. 
Dfj-Ume purifier for coal-gat, 75. 
Dry-rot, 15*2. 

Dong, action of^ in the dunging pro- 
cess, 306. 
„ composition of^ from the cow, 
305. 
Dong substitute, 307 ; how best applied 

to cloth, 309. 
Dunging prooeis, how performed, 303. 
Dunging sometimes superseded by 
branning, 312. 
„ use of, in oslico-printing and 
dyeing, 303. 
Duramen, 156. 
Dy»-beck, 318. 

„ how heated, 316. 
Dyeing, history ol^ 222. 

w materials used by Romans in, 

223. 
„ objects oi^ 221. 
M operation of^ 313, 316. 
„ processes oi, different for di£Gsr- 

ent kinds of tissues, 257. 
„ processes at, general nature ol^ 

257, 262. 
„ purity of water used in, 327. 
Dyin' spirits, 287. 



E. 



Elements, 7. 

Endogens, structure of, 1 58. 

Epsom salts, or sulphate of magnesia, 

•27. 
Equivalents, chemical, 15, 18. 

„ tables of chemical, 16 and 

34. 
Etching of printing rollers, 339. 
Eudiometer, Ure's, 132. 
Eupion, 194. 
Exogenous trees, growth of^ 154. 

„ structure of stem of, 

154. 



F. 



Flame, stmctore o^ 104, 106. . 
Flour, 344. 
French berries, 250. 
Furnace, singeing, 257. 
Fustet, 250. 
Fustic, 250. 

G. 

Galls, 253. 
Gas cooler, 70. 

„ flames, chimneys for, 113, 114. 

„ illumination, 35 ; tee Coal-gas. 

„ „ economy o^ 121. 

„ „ history of the pro- 

gress of^ 87. 

„ lights, ventilation of^ 117. 

„ meters, 141. 

„ meter, Clegg*s dry, 142. 

„ moderator, Platow^s, 140. 

M r^:ulators, 138. 
Gas, mode of burning, 104. 

„ naphthalized, 145. 
Gas-works, arrangement o^ 63, 64. 
Gasometer, 76 ; telescope gasometer, 

78. 
Garancine, 252, 351. 
Glazing of cottons, 325. 
Granite, 9. 
Green, steam, 379. 
Gum arable, 345. 
„ Senegal, 345. 
„ tragacanth, 346. 
Gam, British, 345. 
Gypsum in coal, 51. 



H. 



Humus from oak, composition of, 177. 
Hydraulic main, 68. 
Hydriodic acid, composition o^ 14. 
Hydrocarbons, 52. 

Hydrochloric acid, composition of^ 14. 
Hydroferrocyanic acid, 376. 
Hyett, experiments of Mr. W. H., on 
the impregnation of wood, 204, 218. 



Fancy colours, 363, note. 

Fat resists, 393. 

Fekpar, 9, 32. 

Femambouc wood, 248. 

Fibre, affinity of the animal and vege- 
table, for colouring matters, 242. 

Fire-damp, 58. 

Fish-tail burner. 111. 

Flame, cause of the luminosity of, 
108. 



I. 



Ignition, 104. 

Indigo, 251. 

Indigo-vat, 402. 

Indigo, as a topical colour, 366. 

„ how applied to tissues, 244. 

„ how discharged by chromic 
acid, 418. 

„ pecnliaractionofchlorineon,238. 



^^VH 


HHHi 


Tndex. ay ^m 


Indigo, use o^ formerly proliibJlBd, 




l-Z.'^. 


for wood, 190. 


„ KBist alyle with, 100. 


„ purifier for coal-gas. 72. 




Lint doctor, S37. 


224. 


Liquor, patent purple, 294. 


Indlgolin,261. 




Iron buS. ase, 388, 406. 


„ red, Ke Red liquor. 


„ „ diwharger for, 423. 


Litmus, 248. 


„ liquor, bow prepnred, 2D2. 


Logwood, 251. 


„ „ reaistiL ftir, 395, 397, 338. 


„ dyeing cottons irilh, 353. 


„ „ iiaeDr.asBmocdant,29l. 


_ wfacn introduced into Eunpe, 


„ „ use of, for preaeriing wood. 


234. 


198,389,218. 


use 0^ prohibited by Qaeen 


„ mordanta, 291. 


Eliiabetb, 224. 


„ pyritoincoa!,S0,61. 


Lowe's naphllialiied gas, 145. 


Iran, acetate of, sre Iron liquor. 




» BCBlo-per8ulphateoi;393. 




„ pemilrato of, 2fl2. 


M. 


„ peroiids of, 2Se. 




n pyrolignilc of, see Iron liquor. 


Maequer, M., reaearchea of, in dye- 


„ „ use of, for preserving 


ing, 233. 


wood, 19G, 199,218. 


Madder, 252, 




„ colours, application of fat re- 




aiM 10, 39*. 


„ l=.l for the presence oC, 277. 


„ combination ot, with 


iBomcriBin, 53. 


mineral and steam 




oolours, 393. 






K. 


steam colours. 382, 




394. 


Kennes grains, 251. 


„ purples, 353. 


Kvnn's procen Ibr protecting wood. 


„ „ and reds conjoined. 


IB7. 


35.1, 420. 




„ reds. 354. 


L. 


„ stylo of printing, pnncinle of. 




331. 


L»rdje,251. 


„ of printing, processes in,. 


, Lakes, 23S. 


347, 't «./. 




slyIe,combiuatiDnof. with the 


„ «fety, 59. 


discharge style, 419, 


Lsmp-blaclt, eompoBition of, 170, «o(,'. 


426. 


Lapis Wyle, 406. 


Madder, use of adding Buniach to, 351, 


LamUite style, 4nB. 


wte. 


Lead,chroraateof, 255. 


Mandarining style, 441. 


_ use of sulphate of, in purifyini 


MangnnoEe brown, 255, 390. 


coal-Bn.,91. 


„ H white and coloured 


Light carburelled hydrogen, 34. 


■jsr^" '"• 


Lightgas, see Coal-gas, Gas illumi- 


Manganese, use of sulphate and chlo- 


nation. 


ride of, in purifying coal-gas, 91. 


„ density of, compared with the 


Matters, colonring, see Colouring 






„ prodcsB for the complete ana- 


Mednllaryprocesses,154, 155. 


Iysl,of,13e. 


Mercer, Mr., iuModuction of onlimonj- 




orange by, 233. 


luuof, i-m. 




UBnin,165. 

LiKnin-8ulpKuricacid,lG7. 

Lime, nflinily o^ for tisauos, 21a, «u/< . 


bronze by, 233. 


Meters for gas, 141. 


^^^ 


2 G 
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Mica, 9. 

Mineral colouring matters, combination 

of^ withmadderand 
steam colours, 392. 
n „ how commonly ap- 

plied to cloth, 263. 
n „ modes of applying, 

383. 
Mordant, 266. 
Mordant and diachaiger combined, 428. 

M assistant, 294. 
Mordants, aluminous, 276. 
M dischargers for, 424. 
„ how applied, 267, 272. 
M iron, 291. 
„ resists for, 395. 
„ tin, 287. 

Mouldered wood, composition oi, 177, 

179. 
Moosselin de laines, bleaching of^ 260. 

M «« printing m^ 438. 

^ MuJe ** printing machine, 282. 
Murdoch, Mr., introduction of coal-gas 

by, 41, 42. 
Muriate of ammonia in coal, 50. 



N. 



Kaphthalin, 59. 
Naphthalized gas, 145. 
Neutral style, 406. 
Nicaragua wood, 248. 
Nitmte of alumina, 286. 
Nitrates of iron, 292, 293. 
Nitric oxide, 1 7. 
^ acid, 17. 
Nitrous acid, 17. 
oxide, 17. 



«9 



0. 



Oak-wood, composition of humus from, 

177. 
Oil of wood-tar, preparation of, 194. 
„ „ use of, for preserving 

wood, 193, 194. 
Oils, Tegetable and animal, use o^ for 

preserving wood, 191. 
Oil-gas, 97. 

apparatus for making, 98; 
comparison of the illuminating 
power of^ with that of coal- 
gas, 126. 
liquids obtained by compression 

of, 100. 
properties and composition of, 
99. 



9} 



99 



W 



01efiairtgM,5(r. 
Orange, antimony, 254. 
Orpiment, 355. 

Oxide of copper, preservataen of wood 
by, 195. 



P. 



Padding style, 332. 
Palkmpoors. 228. 
Paranaphthalin^ 61. 
Parrot coal, 51. 
Pastes, renst, for indigo, 403. 
Peach-wood, 248. 
Pencil blue, 366. 
Perchloride of tin, 287. 
Pemitrate of iron, 292. 
Peroxide of iron, 256. 
„ of nitrogen, 17^ 
„ of tin, now applied to cloth, 

287, 288. 
„ „ pteserration of wood 

by, 195. 
„ fi use of^ aa a mordant, 
287. 
Perrotine, 335. 
Persian berries, 250. 
Phlogiston, theory oi^ 4. 
Photometer, Ritchie^s, 128. 
Pink salt, 289. 
Pink, si»rit, 364. 

Pipe-clay, use o^ as a thickener, 846. 
Pitch, 94. 

Plato w^s gas moderator, 140. 
Plum spirits, 290. 
Potash, aluminate of^ 285. 
stannate of^ 289. 
use t>f chromates of^ for preserv- 
ing wood, 196. 
Preservation of wood, 151. 

„ „ by alum, 190. 

„ „ byatseniousaeid, 

192, 199. 
^ ^ by bitumen, 196. 

„ n hy chloride of 

«nc,197. 
„ „ by the chromates 

of potash, 196. 
„ „ by common salt, 

190. 
„ by corrosive sub- 
limate, 185, 
187. 
„ by creosote, 193. 
„ by iron liquor, 

198, 199. 
„ by oil of weod- 
taiv 194. 
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Prii»i'rvntio" uf wond by oxide uf tnp- 


(JnerL-itton, 253. ^H 


por,I9.^. 


dyeing colto.,H>viih. 357. H 


.. by peronde ..f 


~H 


tin, 19S. 


■ 


„ by fl rcsinoa. 




OMting, IBB. 




„ by solution of 


Kaiiibon alyle, miide of printing for the, ^^| 


oranBole, 195. 


^M 


„ by Bolphate and 


Ray3 of light, coloured, Ui. ^H 


a«,taWot cop- 


Red liquor, altered by heat, 3B3. ^H 


per, 188. 






effects of ageing on collona 


irou, 183,1 as. 


printed with, 284. 


„ 'by aulplmte of 




line, IBS. 


resist for, 3B5. 


„ „ by tatmin, I9'2. 


Red teaiat f..r the bluo-TOt, 40;. 


„ by vegetable and 


„ gandors wood, 2,53. 


animal eil^ 


„ spirits of dyers, 387. 


191. 


Red,Bteam,37l. 




Kflun, covering al^ for wood, 188. 


" 193, 


„ products of the diatillatian u^ 




103. 


ISB. 


Keaiit-gaa, 101. 


Presanring wood, Ryan's process for, 


„ „ apparatoB Ibr racing, lOi}. 


187. 


Reast black for the bluti-at, 40e. 


Press printing, S40. 


„ pastes for indigo, 4113. 

„ purple and oEocoUle, for llie 


Printing by roUer, 336. 


invenliutiotaal. 


blue-rat, 409, 


„ rollor, how-msde, 33B. 


„ red, fut the bino-vat, 407. 


Protochlotide of tin, 290 j lue ot ». a 


„ for calechu brown, 411. 


resist for iron Uquor, 397. 


„ stylo, priacipU of the, 332. 




„ „ pncosaeo in the, 393, 


.^ng rool-gas, 89. 


Resists for oolonring nuilteni, 399. 


. Protoiide of lin, use ot as a mordiint. 


„ for indigo, 399. 




„ for mordants. 39d. 






.Pnusiiin blue, 256, 374, 3B4. 


style of work, 394, 3iMi. 


as a (Dpical colour, 3G5. 


„ at, 393. 


bow diuhnned by an 


Retort, Clegg's lolary, 83, 


alkali, 420. 


„ coal-gas, CU, 


ho* applied to «.ood, 


Rogei«.mtor, Makm's gas, 14tt. 


213,314. 


Rcgulotora, 138. 


„ how applied as a stoam- 


Rinsing machine, 320. 


colour, 374, 




mode of applying n de- 
sign in, to a Turkey 


Roller printing, SSS. 




red ground, lie. 


„ invention of, 231. 


PniBiiate of copper, 256. 


Hntary rttort, 83. 


■Purple liquor, pM^ni, 294. 


Royal blue, 4.19. 


Purple, madder, 3.^3. 




„ .pint, 363. 
„ Bleam, 371. 
„ Tyrian, 33^ ; dumbiUly uf. 22:1. 




■ 


IVolignite of iron, ^ Iron liquol . 


Safety huap, 59. 








„ how ap,,li,.d .u iis.„eK 


4- 


344. 




Sago starch, 345. 


yuarli, ». 


Salep, 34h. 
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Sslt, common, in coal, 50. 
„ „ use o^ for pmerring 

wood, 190. 
f, „ composition oC, 13, 19. 

„ graerel meaning of the term, 1 1 . 
SalUoftin,290. 
Sandal wood, 253. 
Sapan wood, 248. 
Saw-wort, 253. 
Scbeele'B green, 256, 392. 
Seasoning of wood, 159 ; Langton^s 

mode of^ 160. 
Sigfatening of mordants, 346. 
Silk, how prepared for printing, 261. 

„ printing of^ 440. 
Singeing, 257. 
Soap, ate of^ in clearing dyed goods, 

321. 
Soda, alominate of^ 286. 

« citrate o^ use of^ as a resist, 399. 
Solution, 24. 
Soot, composition o^ from wood, 170, 

note. 
Spirit chocolate, 364. 
M colours, 363, nde, 
„ pink, 364. 
M purple, 363. 
„ yellow, 365. 
SpiriU, dyers', 287. 
Spurious coal, 5 1 . 
Squeezing-roUers, 323. 
Stannate of potash, 289 ; application of^ 

to cotton for steam colours 369. 
Starch contained in wood, 165. 

„ sugar, 167. 
Starch, wheat, 344. 
Starching machine, 324. 
Station meter, 1 45. 
Steam black, 370. 
„ blue, 374. 

,, „ for woollen goods, 439. 
„ colours, 368, 381. 
„ „ for woollen goods, 439. 

„ combination of, with 
madder colours, 382, 
394. 
„ combination of, with 
madder and mineral 
colours, 392. 
„ adaptation o^ to resist 
style and madder 
style, 394. 
„ preparation of cotton for 
receiving, 369. 
„ drying machine, 325. 
„ green, 379. 
„ printing, principle of, 332. 
„ purple, 371. 
„ red, 371. 



n 



w 



Steam scarlet for woollen goods, 439. 

„ yellow, 372. 
Steaming ]Mroces8, 379. 
Stereotype printing-plate, 335. 
Stick-lac, 251. 
Substitute liquor, 309. 
Substitute, dung, 307. 
Substitutions, double and single, 23, 24. 
Sulphate of copper, use o^ for preserv- 
ing wood, 189. 
„ „ use o^ for resisting 

ind^[o,400. 
„ of iron, use o^ for fveserying 

wood, 189, 199. 
M of lead, use o^ as a thickens, 

346. 
„ „ use of^ in purifying 

ooal^gas, 91. 
„ of magnesia, 27, 29. 
M of zinc, use ot, for preserving 
wood, 189. 
Sulphuretted hydrogen, composition of^ 

14. 
Sulphuric add, use of^ in purifying coal- 

„ rektive affinity of dif- 

ferent bases for, 1 1. 
Sulphurous acid, action of^ on v^table 

colouring matters, 239. 
Sumach, 253. 

Surfisce printing, 232, 342. 
Swallow-tail burner. 111. 
Symbols, 29 ; table of^ for elements, 30. 



T. 



Tannin, use of^ for preserving wood, 

192. 
Telescope gasometer, 78. 
Temperature, change of^ a result of che 

mical action, 20. 
Terra Japonica, 249. 
Thickeners used in calico-printing, 343. 
Tin mordants, 287* 

Tin, peroxide <^ use of^ as a mordant, 
287. 
„ protoxide of, use of^ as a mordant, 

289. 
„ use of perchloride of^ for preserving 

wood, 195. 
„ use of protochloride of, as a resist 
for iron liquor, 397. 
Tissues, affinity of lime for, 243, ttote. 
Topical and steam colours, 359. 
„ black, 260. 
„ blue, 365. 
„ brown, 361. 

„ style of printing, principle of^ 
332. 
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Tragacanth, gum, 346. 

Turf-gas, 104. 

Turkey red, history of, 225. 

mode of applying a design 
in Prussian blue to a 
ground of, 418. 
mode of producing a 
chrome-yellow design on 
a ground of, 417. 
white discharge for, 415. 
Turmeric, 254. 
Turnsole, 248. 
Tynan purple, 222 ; durability of, 223. 



U. 

Ultimate constituents, 27. 
Union-jet flame, 110. 
" Union " printing machine, 232, 
Ure's eudiometer, 132. 



V. 



Valonia, 253. 
Vegetable albumen, 164. 

how removed from 

wood, 185. 
how to ascertain 
proportion of in 
wood, 183. 
Vegeto-sulphuric acid, 176. 



M 



n 



w. 

Wash-off colours, 363, note. 
Water, composition of, 14. 
Water extracter, 323. 

„ used in dyeing, 327. 
Weld, 254. 
Wheat starch, 344. 
Winsor, Mr., introduction of coal-gas 

into the metropolis by, 43. 
Woad, 254. 

Wood, amount of water in, 161. 
ash, 172. 

Boucherie's mode of impregnat- 
ing, with a liquid, 201. 
composition of mouldered, 177, 

179. 
decay of, 151, 175,182. 
„ density of, 162, 163, 164, 216. 
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Wood, effects of the impregnation of, 
with foreign substances, 206. 
how freed from albumen, 185. 
how to apply colours to, 213. 
how to ascertain proportion of 

vegetable albumen in, 183. 
how to increase or diminish 

strength o^ 211. 
how to preserve flexibility and 

elasticity of, 207. 
how to reduce the inflammabi- 
lity and combustibility oi^ 
212. 
Kyan's process for preserving, 

187. 
necessary condition for the de- 
cay of, 181. 
preservation of, 1 51 ^ see Preser- 
vation of wood, 
preservative materials for, 184, 

188. 
products of distillation of, 169. 
properties and composition o^ 

153. 
starch contained in, 165. 
smoke from, 170. 
tar 0^ products of distillation o^ 

194. 
„ use of, for preserving wood, 
193. 

Woody fibre, composition of, 168. 
„ tissue, function of, 153. 
„ „ origin of, 158, note, 
„ „ ' structure of, 1 54. 
Woollen goods, printing of, 437. 

steam colours for, 439. 
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Yellow fustic, 250. 

„ lake, 236. 
Yellow, steam, 372. 

„ spirit, 365. 



Z. 



Zinc, use of chloride of, for preserving 

wood, 197. 
Zinc, use of sulphate of, for preserving 

wood, 189; for resisting indigo. 



I.ONOOK : 

Printed hy H. 8c J. Brntlby, Wilson, and Fi.by, 

Bangor Huuiie, Shoo I^nr. 



I 



I 



